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ABSTRACT
The o b je c t  o f th e  p re s e n t work was to  in v e s t ig a te  th e  e f f e c t s  o f 
s u b s t i tu e n ts  on th e  s p e c tra  and s t a b i l i t y  of th e  f e r r i c  p h en o la te  s e r i e s .
Such a study  r e q u ir e s  a  knowledge o f the thermodynamic d is s o c ia t io n  
c o n s ta n ts  o f th e  p h en o ls  and th e  s t a b i l i t y  c o n s ta n ts  of th e  re s p e c tiv e  
com plexes.
Since th e  f e r r i c  p h e n o la te s  a re  c o lo u re d  t h e i r  s t a b i l i t y  was 
m easured s pec tropho  tome t r i e  a l l y .  For t h i s  purpose a  new method which 
a llow s f o r  th e  r e l a t i v e  i n s t a b i l i t y  o f th e  complexes and th e  l im i te d  
s o lu b i l i t y  o f th e  r e s p e c t iv e  phenol had to  be  d e s ig n e d .1
As th e re  was some u n c e r t a in t i ty  re g a rd in g  th e  r  e l i a b i l i t y  o f th e  
p u b lish e d  d a ta  f o r  th e  m eta- and p a ra -a c e ty l  p h en o ls  th e  thermodynamic 
d is s o c ia t io n  c o n s ta n ts  o f th e  l a t t e r  have been red e te rm in ed  u s in g  th e  
sp ec tro p h o to m etric  method o f E rn s t and M enashi. I t  has been shown t h a t ,  
in  th e  pH range employed f o r  th e  meta isom er, a  m o d if ic a tio n  o f  t h i s  
method p e rm its  th e  d e te rm in a tio n  o f th e  thermodynamic d is s o c ia t io n  c o n s ta n t 
Tfithout th e  e x p l i c i t  use of th e  a c t i v i t y  c o e f f i c i e n t s  o f th e  charged  s p e c ie s .
The a b so rp tio n  s p e c tra  o f th e  f e r r i c  p h en o la te  and e ig h te e e n  s u b s t i ­
tu te d  f e r r i c  p h e n o la te s  have been m easured in  th e  w aveleng th  range 2^00-1000mji*
I t  h as been  found t h a t  a  rough l i n e a r  r e la t io n s h ip  e x i s t s  betw een th e  
s t a b i l i t y  o f th e  complex and th e  s t a b i l i t y  o f th e  p ro to n  com plex. The 
e f f e c t  o f th e  s u b s t i tu e n ts  on th e  s t a b i l i t y  and p o s i t io n  o f th e  c h a r a c te r i s ­
t i c  a b so rp tio n  bands i s  d isc u sse d  in  term s o f  bonding e f f e c t s .
(
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S E C T I O N  I
INTRODUCTION
(
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Iro n  i s  a t r a n s i t i o n  m eta l w ith  th e  o u te r  e le c t r o n ic  c o n f ig u ra tio n  
5 2 13d 4s 4p and can  th e re fo re  e x i s t  in  th e  d iv a le n t  and t r i v a l e n t  s ta te *
The complexes formed by F e ( l l )  and F e ( l l l )  a re  w e ll known and have been
e x te n s iv e ly  in v e s t ig a te d *
The t r a n s i t i o n  m eta ls  a re  c h a r a c te r is e d  by th e  p re sen ce  o f incom plete
d -e le c tro n  s h e l l s  and i t  i s  t h i s  in co m p le ten ess  which i s  re sp o n s ib le  f o r
th e  s a l i e n t  f e a tu r e s  o f t r a n s i t i o n  m eta l com plexes. There are  th re e
d i f f e r e n t  methods o f d e sc r ib in g  th e  e le c t r o n ic  s t r u c tu r e  and th e  n a tu re  o f
the  bonding in  th e se  complexes* These a re  th e  valence  bond th e o ry  [ 1 ] ,
th e  m o lecu lar o r b i t a l  th e o ry  [ 2] and th e  l ig a n d  f i e l d  th e o ry  [ 3] ♦
According to  the  valence  bond th e o ry , developed m ainly by P au lin g  [ 1 ] ,
th e  chem ical bonds in  complex compounds a re  due to  th e  i n te r a c t io n  between
o r b i t a l s  of th e  l ig a n d s  and s u i ta b le  o r b i t a l s  o f th e  c e n tr a l  m eta l atom, and
a re  co n sid e red  to  be two c e n tr e  bonds The d i r e c t io n a l  p r o p e r t ie s  o f th e se
bonds can be accounted  f o r  by h y b r id is a t io n  o f th e  o r ig in a l  o r b i t a l s  o f th e
c e n t r a l  m eta l atom to  form  a new s e t  of e q u iv a le n t bond o r b i t a l s  ?d.th d e f in -
3 2i t e  s p a t i a l  e le c tro n  d is t r ib u t io n *  Thus, f o r  exam ple, th e  sp d h y b r id is a ­
t io n  le a d s  to  s ix  o c ta h e d ra l  o r b i t a l s  and so accounts f o r  th e  o c ta h e d ra l 
s t ru c tu re  o f Ni(NH^)^2+.  However, one o f the  main d e f ic ie n c ie s  o f th e  
v a len ce  bond th e o ry  i s  t h a t  i t  i s  unab le  to  s a t i s f a c t o i i l y  e x p la in  th e  o r ig in  
o f the  e le c t r o n ic  t r a n s i t i o n s  re s p o n s ib le  f o r  th e  n e a r  i n f r a - r e d ,  v i s ib le  and 
u l t r a - v i o l e t  s p e c t r a l  bonds e x h ib ite d  by t r a n s i t i o n  m e ta l complexes*
In  th e  m olecu lar o r b i t a l  th e o ry  o f complex compounds th e  e le c t r o n s
(
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ar e  assum ed to  move i n  m o le c u la r  o r b i t a l s  Yfhich e x ten d  o v e r a l l  n u c le i  o f  
th e  system . In  t h i s  r e s p e c t  th e  m o le c u la r  o r b i t a l  th e o ry  d i f f e r s  
e s s e n t i a l l y  from  th e  v a le n c e  bond  th e o ry  w hich  i s  b a se d  upon th e  c o n ce p t 
o f l o c a l i s e d  bonds. HoYrever, i t  i s  p o s s ib le  f o r  one o r  more o f  th e  
m o le c u la r  o r b i t a l s  t o  have s i g n i f i c a n t l y  l a r g e  v a lu e s  o f  th e  wave fu n c t io n  
o n ly  i n  c e r t a i n  p a r t s  o f  th e  m o lecu le . I n  t h i s  way th e  m o le c u la r  o r b i t a l  
th e o ry  makes alloY^ance f o r  th e  p o s s i b i l i t y  o f  l o c a l i s e d  b o nds, b u t  t h i s  i s  
to  be re g a rd e d  as a s p e c ia l  case  o n ly .
The m olecular o r b i t a l s  th e m se lv e s  can  be ta k e n , f o r  c o n v e n ie n c e , a s  
l i n e a r  c o m b in a tio n s  o f  a tom ic o r b i t a l s .  W henever two o r b i t a l s  combine to  
form  more e x te n s iv e ly  d e lo c a l i s e d  m o le c u la r  o r b i t a l s  two new o r b i t a l s  a re  
o b ta in e d , one o f  w hich i s  more s t a b l e  and th e  o th e r  l e s s  s t a b l e  th a n  e i t h e r  
o f  th e  o r i g i n a l  o r b i t a l s .  More g e n e ra l ly  th e  number o f  new o r b i t a l s  form ed 
i s  e q u a l to  th e  num ber o f  com bining  o r b i t a l s ,  and one o f  th e  new o r b i t a l s  
i s  l e s s  s t a b l e  and  a n o th e r  i s  c o r re s p o n d in g ly  more s t a b l e  th a n  any o f  th e  
com bining o r b i t a l s .  I t  i s  a l s o  im p o r ta n t to  n o te  t h a t  o n ly  a to m ic  o r b i t a l s  
o f  th e  same symmetry c l a s s  can  com bine.
To f i n d  th e  e n e r g ie s  c o r re s p o n d in g  to  i n d iv id u a l  m o le c u la r  o r b i t a l s  
i t  i s  n e c e s s a ry  to  c a l c u l a t e  th e  i n t e r a c t i o n  betv\reen l i g a n d  and m e ta l  
o r b i t a l s .  T h is  s te p  i s  g e n e r a l ly  d i f f i c u l t  b u t  th e r e  a re  a  number o f  
ap p ro x im ate  m ethods t h a t  can  be  u sed  [.4*5]* t h i s  way i t  h as  b e e n  shown
t h a t  g e n e r a l ly  (T  bond ing  m o le c u la r  o r b i t a l s  a re  more s t a b l e  th a n  it  bond­
in g  m o le c u la r  o r b i t a l s  and t h a t  CT* (a n tib o n d in g )  m o le c u la r  o r b i t a l s  a re
(
5Ec o rre sp o n d in g ly  l e s s  s ta b le  than  w  m o lecu lar o r b i ta l s *
In  th e  t r a n s i t i o n  m eta l complexes O bonds are formed by th e  com bina- 
t io n  o f th e  eg  (<3^2, dx2_y 2 ), ^ g ( s )  and t^ C p ^ ,  py , p^) o r b i t a l s  o f th e  
c e n t r a l  atom w ith  a com bination  of l ig a n d  o r b i t a l s  o f  th e  same symmetry 
c l a s s .  In  th e  case  o f  o c ta h e d ra l com plexes, f o r  in s ta n c e ,  a com bination  of 
th e  above o r b i t a l s  g iv es  s ix  &  bonding o r b i t a l s  and s ix  O  an tib o n d in g
3£ 55 3£o r b i t a l s  d e s ig n a te d  by e , t ^  and e , a^ , t - ^  re s p e c tiv e ly *g '  Ag
S im ila r ly  m o lecu lar o r b i t a l  ir bonds a re  o b ta in e d  by a com bination  o f th e
t„  (d  *d I. d fc.)  and o r b i t a l s  o f th e  c e n t r a l  atom w ith  a s u i ta b le  com- 2g xy* xsr y z x J,u
b in a tio n  o f  l ig a n d  o r b i t a l s .  The r e s u l t in g  s ix  tr bonding and s ix  7r  a n t i -
X Xbonding o r b i t a l s  o f  the  complex a re  d e s ig n a te d  by i^g* an<^  ^2g 9 % u 
r e s p e c t iv e ly .  S in ce , in  g e n e ra l , th e  energy o f  th e  l ig a n d  e le c t r o n s  i s  
low er th a n  th a t  o f  th e  d e le c t r o n s  o f the  c e n t r a l  atom, th ey  w i l l  go in to  th e
3£tw elve bonding o r b i t a l s  o f  the complex. As a r e s u l t  th e  an tib o n d in g  t 9
Xand e m o lecu lar o r b i t a l s  o f  th e  complex w i l l  be occup ied  by th e  d e le c tro n s  
&
of th e  c e n t r a l  atom. The c h a r a c t e r i s t i c  a b so rp tio n  bands o f th e  t r a n s i t i o n
Xm eta l complexes a re  due to  th e  t r a n s i t i o n  o f an e le c tro n  from  th e  l e v e l
to  the  e *  l e v e l .  I t  i s  th e  m agnitude o f  the  energy d if f e r e n c e ,  A  9 betw een
O
th e se  two l e v e l s  t h a t  governs th e  p o s i t io n  o f th e  a b so rp tio n  band and depends 
upon the geom etry o f  th e  complex, th e  charge o f th e  c e n t r a l  atom, th e  
p r in c ip a l  quantum number o f  th e  d - s h e l l ,  and th e  n a tu re  o f th e  l ig a n d s  [ 6 ] .  .
Thus i t  h as been  found  th a t  th e  magnitude o f A  f o r  a  g iven  c e n t r a l  
atom depends on th e  rr e le c t r o n  p ro p e r ty  o f  th e  l ig a n d j t h i s  dependence f in d s
(
-3D -
i t s  ex p ress io n  in  th e  s o -c a l le d  sp ec tro ch em ica l s e r ie s .,
-CO, -C N > -N02 > M L >  -0H2 >  -O H ,F>  -SCN, - C l>  -B r>  - I  
in  which th e  ir donor te n d en c ie s  o f th e  l ig a n d  in c re a s e s  as ^  decreases#
The t h i r d  method o f t r e a t in g  t r a n s i t i o n  m eta l complexes i s  th e  l ig a n d  
f i e l d  th e o ry , which o r ig in a te d  from  the  c r y s t a l  f i e l d  th e o ry  o f  Bethe [ 7 ] .
In  the  c r y s ta l  f i e l d  th e o ry  th e  bonding in  t r a n s i t i o n  m eta l complexes i s  
co n sid e red  to  be p u re ly  e l e c t r o s t a t i c  ( io n - ic n  o r io n -d ip o le )  and i f  a 
p o in t  charge model i s  u sed , the  r e l a t i v e  e n e rg ie s  o f th e  d o r b i t a l s  o f th e  
c e n t r a l  io n  can be c a lc u la te d .  The e f f e c t  o f an o c ta h e d ra l  c r y s t a l  f i e l d  
on th e  d o r b i t a l s  o f a t r a n s i t i o n  m eta l c a t io n  i s  to  s p l i t  them in to  two 
groups, w ith  th e  e o r b i t a l s  l e s s  s ta b le  th a n  th e  t 0 • Van Vleck [ 8] p o in t-  
ed ou t th a t  in  t r a n s i t i o n  m eta l complexes some c o v a le n t bonding ( o r b i t a l  
o v e rla p ) must e x is t  betw een the  c e n t r a l  atom and i t s  l ig a n d s .  I f  such 
c o v a le n t bonding i s  a llow ed f o r  th e  o r b i t a l s  v/hich a re  u sed  in  th e  c a lc u la ­
t io n s  o f th e  s p l i t t i n g  a re  no lo n g e r  pu re  m eta l o r b i t a l s ,  b u t on ly  p a r t l y  
m eta l o r b i t a l s  to g e th e r  w ith  a c o n tr ib u t io n  from  th e  l ig a n d  o r b i ta ls *
This m od ified  c r y s t a l  f i e l d  th e o ry  which ta k es  in to  account o r b i t a l  o v e rla p  
between o r b i t a l s  o f  th e  c e n tr a l  atom and th e  l ig a n d  as w e ll as e l e c t r o s t a t i c  
i n te r a c t io n  i s  c a l l e d  l ig a n d  f i e l d  th e o ry . The r e c o g n i t io n  A o f o v e r la p  
between m eta l and l ig a n d  o r b i t a l s  has im p o rtan t consequences on th e  p ro ce ­
dure f o r  c a lc u la t in g  th e  energy o f  s e p a ra tio n , ^  , betw een th e  t 0 and th e
£
e l e v e l s ;  however, th e se  c a lc u la t io n s  a re  i n  g e n e ra l  e a s ie r  th a n  th e  6
co rrespond ing  c a lc u la t io n s  in  th e  m o lecu la r o r b i t a l  approach . A ccording to
(
—IXs*
th e  lig a n d  f i e l d  th e o ry  th e  c h a r a c t e r i s t i c  a b so rp tio n  bands o f t r a n s i t i o n  
m etal complexes a re  due to e le c tro n  t r a n s i t i o n  o f th e  type t 9 — e 
and th e  p o s i t io n  of the  band i s  dependent on th e  m agnitude o f A  • ■
In  f a c t ,  i t  has been  shown by Tanabe and Sugano [9 ]?  O rgel [10] and many 
o th e r  w orkers th a t  th e  l ig a n d  f i e l d  th e o ry  p ro v id es  a method o f  c a u e la t in g  
A  i n  very  good agreem ent w ith  ex perim en t.
Summarising we may say th a t  th e  m o lecu lar o r b i t a l  th e o ry  i s  more 
com plete, and more f l e x ib l e  th an  th e  l ig a n d  f i e l d  th e o ry  i n  th a t  i t  can  
take  in to  account any degree o f m ixing o f th e  m eta l and l ig a n d  o r b i t a l s ;  
i n  a d d itio n  i t  makes allow ance f o r  th e  e f f e c t  o f  m e ta l o r b i t a l s  o th e r  th an  
th e  d o r b i t a l s  on th e  bonding in  com plexes. However, c a lc u la t io n  o f th e  
o r b i t a l  energy l e v e l s ,  based  upon th e  m olecu lar o r b i t a l  th e o ry , a re ,  in  
g e n e ra l, more co m plica ted  than  th o se  b ased  upon th e  l ig a n d  f i e l d  th e o ry .
Both th e  l ig a n d  f i e l d  th e o ry  and the  m o lecu lar o r b i t a l  th e o ry  a re  capab le  
o f p ro v id in g  a s a t i s f a c to r y  i n t e r p r e t a t i o n  o f a number o f f e a tu re s  o f c o -
4o rd in a tio n  c h em istry . Thus, f o r  exam ple, th e  f a c t  th a t  c a t io n s  w ith  d to
d^ e le c t ro n ic  c o n f ig u ra t io n  form b o th  s p in - f r e e  and s p in -p a ire d  complexes[ 11]
i s  ex p la in ed  as fo llo w s!  th e  energy o f s e p a ra tio n  betw een th e  t 0_ and e-^6 6
le v e l s ,  A  , i s  o f th e  same o rd e r o f  magnitude as th e  energy  re q u ire d  to  
overcome Hund! s r u le  o f maximum m u l t ip l ic i ty . .  E f f e c t iv e ly  th e re  i s  a 
co m p etitio n  betw een th e  exchange fo rc e s  which ten d  to  keep th e  f r e e  io n  
arrangem ent w ith  maximum number o f  p a r a l l e l  sp in s  (Hund’s r u le )  and th e  
l ig a n d - f i e ld  which ten d s  to  fo rc e  e le c t ro n s  in to  th e  t ^  l e v e l  even though
(
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t h i s  can be done/by p a ir in g  s p in s . Thus f o r  a g iven  m eta l io n  th e re  i s
a c r i t i c a l  v a lu e  o f  th e  l ig a n d  f i e l d  a t  which th e  ground s t a t e  changes from
th e  h igh  sp in  to  th e  lo w  sp in  c o n f ig u ra t io n s . T his c r i t i c a l  v a lu e  v a r ie s
5 .
from c a tio n  to  c a t io n  and i s  a maximum in  th e  case  o f d c o n f ig u ra t io n , 
vdiere th e  exchange fo rc e  i s  a t  a maximum. I t  i s  f o r  t h i s  re a so n  t h a t  many 
f e r r i c  complexes a re  s p in - f r e e ,  s in ce  only  l ig a n d s  w ith  r e l a t i v e l y  s tro n g  
l ig a n d - f i e ld s  can b r in g  about s p in -p a r in g .
By c o n s id e rin g  th e  e f f e c t  o f the  w-donor o r  w -accep to r te n d e n c ie s  
o f the  l ig a n d s  on th e  magnitude o f ^  i n  a s e r ie s  o f complexes f o r  th e  same 
c e n t r a l  atom, i t  i s  p o s s ib le  to  account f o r  the  e x is te n c e  o f th e  s p e c t ro -  
chem ical s e r i e s .
A nother su c c e s s fu l a p p l ic a t io n  of l ig a n d  f i e l d  th e o ry  i s  th e  i n t e r ­
p r e ta t io n  o f th e  v a r ia t io n  of h e a ts  o f h y d ra tio n  w ith  atomic number f o r  th e  
f i r s t  row t r a n s i t i o n  m e ta ls . For example, th e  v a r i a t i o n  o f th e  h e a ts  o f
h y d ra tio n  o f d iv a le n t  t r a n s i t io n - m e ta l  io n s  shoves a  d i s t i n c t  minimum a t  
2+Mn . I f  th e  c a lc u la te d  c r y s t a l  f i e l d  s t a b i l i s a t i o n  e n e rg ie s  a re  sub­
t r a c te d  from  the h y d ra tio n  e n e rg ie s ,  i t  i s  found th a t  th e se  c o r re c te d  
h y d ra tio n  e n e rg ie s  l i e  on a smooth curve [ 1 2 ] .
The l ig a n d  f i e l d  th e o ry  has th u s  proved i t s e l f  to  be a  v e ry  u s e f u l  
to o l  in  developing  modern id e a s  concern ing  th e  n a tu re , s t r u c tu r e ,  and 
s t a b i l i t y  of complex compounds.
5
The f e r r i c  io n  i s  a t r a n s i t i o n  m eta l c a t io n  having  a 3& o u te r  
e le c tro n ic  s t r u c tu r e  and has a  g re a t a f f i n i t y  f o r  oxygen [ 13] •  The s tro n g
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c o lo u ra tio n  produced by th e  a d d it io n  o f phen o ls  and en o ls  to  s o lu t io n s  o f  
f e r r i c  s a l t s  i s  w e ll known and has lo n g  been employed as an a n a ly t ic a l  t e s t  
f o r  th e  f e r r i c  io n  o r th e  arom atic hydroxy l group. Hontzsh and Desch [ 14] 
have shown th a t  th e  p re sen ce  o f a  f r e e  hydroxyl group in  th e  arom atic  r in g  
i s  e s s e n t i a l  f o r  th e  occurrence  o f  th e  c o lo u r  r e a c t io n .  They a lso  observed  
th a t  a co n s id e ra b le  amount o f  h y d ro c h lo ric  a c id  i s  needed to  d e s tro y  th e  
co lo u r o f  a s o lu t io n  o f one o f  th e se  f e r r i c  compounds. W einland and 
B inder [15] suggested  th a t  the  co lo u r r e a c t io n  betv/een f e r r i c  c h lo r id e  and 
phenols i s  due to  th e  fo rm atio n  o f  compounds to  which th e y  asc rib ed  th e  
g en e ra l fo rm u la  ClgFe-O-CgH^IU Wesp and Brode [ 16] have made a sy s tem a tic  
s tudy  o f the  co lo u r r e a c t io n  betw een f e r r i c  c h lo r id e  and 44 p h en o ls  and 10 
n ap h tho ls  i n  aqueous s o lu t io n . They observed  th a t  s o lu tio n s  c o n ta in in g  
f e r r i c  c h lo r id e  and pheno ls  [ HOAr] gave a b so rp tio n  s p e c tra  n e a r ly  i d e n t i c a l  
in  -type w ith  th o se  found f o r  th e  f e r r i c  th io c y a n a te  which was th en  though t 
to  have th e  fo rm ula  Fe(C N S)^ . They p u t fo rw ard , th e r e f o r e ,  the  su g g es tio n  
th a t  ’’th e  f e r r i c  io n -p h en o l co lour^ ar# due to  th e  fo rm atio n  o f  complex co­
o rd in a te d  n e g a tiv e  io n s  o f th e  ty p e  F e (O A r)^  ” , However, f u r th e r  i n v e s t i ­
g a tio n s  by Bent and French [ 1 7 ] ,  Edmonds and Birnbaum [1 8 ] ,  Vosburgh and 
a s s o c ia te s  [1 9 ] have shown th a t  th e  f e r r i c  th io c y a n a te  complex i s  predom in­
a n t ly  Fe(SCN)++ ( a t  l e a s t  a t  low  c o n c e n tra tio n s  o f CNS )* M oreover, as a 
r e s u l t  o f t h e i r  m ig ra tio n  s tu d ie s  Braumand and Smith [20] found th a t  c o n tra ry  
to  th e  o b se rv a tio n  o f  Wesp and Brod© [16] th e  f e r r i c  p h en o la te  com plexes 
c a r ry  a p o s i t iv e  ch arg e .
(
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Babko [ 21,22] has made a spectrophotom e t r i e  s tudy  o f  th e  n a tu re  and 
s t a b i l i t y  o f th e  complexes formed by th e  f e r r i c  io n  w ith  s a l i c y l i c  a c id  
and p h en o l. He concluded th a t  i n  aqueous s o lu t io n  f o r  lone- pH th e  f e r r i c  
io n  forms w ith  s a l i c y l i c  a c id  and phenol complexes in  th e  r a t i o  1 : 1 and 
th a t  th e  p h en o la te  complex i s  much l e s s  s ta b le  th a n  th e  s a l i c y la te  complex.
Broumand and Smith [ 20] have in v e s t ig a te d ,  by th e  method o f  con tinuous 
v a r ia t io n ,  th e  com position  o f th e  co lou red  complexes which th e  f e r r i c  io n  
forms w ith  p h en o ls , n a p h th o ls , and en o ls  i n  d i l u t e  s o lu tio n  a t  low pH.
They have found t h a t  under th e  chosen  ex p erim en ta l c o n d itio n s , monohydric 
p h en o ls , e th y la c e to a c e ta te s ,  and 2 -n ap h th o l-3 “ d isu lp h o n ic  a c id  combine w ith  
the  f e r r i c  io n  in  th e  r a t i o  1 : 1. T h e ir  in v e s t ig a t io n s  in d ic a te  th a t  
th e se  complexes a re  p o s i t iv e ly  charged .
Using sp ec tro p h o to m etrie  and p o te n tio m e tr ie  methods B ertin -B a tsch [ 23] 
has in v e s t ig a te d  th e  com position  and s t a b i l i t y  o f th e  complexes o f th e  
f e r r i c  io n  w ith  o -  and £ -  hydroxy benzo ic  a c id . She found th a t  i n  a c id  
media th e  f e r r i c  io n  form s w ith  s a l i c y l i c  a c id  th e  c h e la te  compound 
y.C^H^CQ^Fp . W ith p -hyd roxybenao ic  a c id  th e  f e r r i c  io n  forms th e  complex 
-O^C.C^H^OFe^4*. Agren [2 4 ,2 5 ,2 6 ,2 7 ,2 8 ]  and o th e r  w orkers [2 9 ,3 0 ,3 1 ,3 2 ]  
have s tu d ie d  complex fo rm atio n  betw een th e  f e r r i c  io n  and a number o f  p h en o ls  
in  a c id  and a lk a l in e  m edia. As a r e s u l t  o f  t h e i r  sp ec tro p h o to m etric  and 
p o te n tio m e tr ic  measurements th ey  concluded  th a t ,  depending on th e  pH o f th e  
ex p erim en ta l s o lu t io n s ,  complexes in  th e  m olar r a t i o  1 s 1 , 1 : 2 , and 1 : 3 
a re  form ed.
(
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Prom a c o n s id e ra tio n  of th e  p re v io u s  work on th e  f  e r r i c  p h en o la te  
complexes i t  may be conoluded th a t  a t  low  pH( <^3) complexes i n  th e  m olar 
r a t i o  1 : 1  a re  form ed and th a t  th e se  complexes may be d iv id e d  in to  two 
groups:
( i )  those  i n  which th e  pheno l a c ts  a s  a  m onodentate l ig a n d , com­
b in in g  w ith  a f e r r i c  io n  w ith  th e  l i b e r a t i o n  o f a p ro to n  acco rd ing  to  th e  
eq u a tio n
Pe3+ + X C ^O P e2'*’ + H+ . . .  (1 .1 )
where X i s  a  s u b s t i tu e n t  in  th e  benzene r in g ,
( i i )  th o se  in  ?/hich th e  phenol a c ts  as a  b id e n ta te  l ig a n d  w ith  th e  
a id  of a  fo rm y l, a c e ty l  o r  c a rb o x y l s u b s t i tu e n t  o rth o  to  th e  hydroxy l group, 
combining w ith  a  f e r r i c  io n  w ith  th e  l i b e r a t i o n  o f one o r two p ro to n s  
accord ing  to  th e  n a tu re  o f th e  o rth o  s u b s t i tu e n t .  These r e a c t io n s  may 
be re p re se n te d  by e q u a tio n s  (1 .2 )  and (1 .3 )*
.OH 9
x \ / C ^ Y
0-Fe?f
+ Pe3+ + H . . .  (1 .2 )
where Y = H o r  CH_ and X i s  a s u b s t i tu e n t  in  th e  benzene r in g  
OH
X y  C-
0-P&.
•OH
+ Pe3+ + 2H* . . .  (1 .3 )
x y(
Complex fo rm atio n  acco rd in g  to  e q u a tio n  ( l . 2 )  and ( 1 .3 )  h as  been
(
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s tu d ie d  m ainly by Agren and r e c e n t ly  by E rn s t  and Menashi [ 3 3 , 3 4-]* The 
l a t t e r  w orkers have shown by th e  method o f  con tinuous v a r ia t io n  th a t  
s a l i c y l i c  a c id  and 3-siethyl“$ 5 -c h lo ro - ,  5 -b i’omo-, 5 - n i t r o - ,  and 3 - n i t r o -  
s a l i c y l i c  a c id s  form  complexes w ith  the f e r r i c  io n  in  th e  r a t i o  1 : 1 in  
aqueous s o lu t io n s  o f  low  pH and measured th e  s t a b i l i t y  c o n s ta n ts  o f  th e se  
complexes*
In  th e  p re s e n t  work we are  concerned w ith  th e  study o f th e  complexes 
form ed w ith  th e  f e r r i c  io n  Yfhen th e  phenol a c ts  as a m onodentate lig an d *
The f i r s t  sy s tem a tic  study o f complex fo rm a tio n  re p re se n te d  by eq u a tio n  
( l * l )  was c a r r ie d  o u t by M ilburn f 33],  who m easured s p e c tro p h o to m e tr ic a lly  
th e  thermodynamic e q u ilib r iu m  c o n s ta n ts  f o r  r e a c t io n  ( l . l )  where X = H,
E”Br> E ~ ^ 2  an<^  <^rew a 't 'te n tio n  to  th e  im portance o f
c o n t r o l l in g  tem p era tu re  and io n ic  s tr e n g th  o f th e  ex p erim en ta l s o lu t io n s  
in  such m easurem ents. M ilburn a lso  made allo?m nce f o r  th e  h y d ro ly s is  o f 
th e  f e r r i c  io n  and, ?/hat i s  most im p o rtan t, f o r  th e  photochem ical i n s t a b i l ­
i t y  o f some o f  th e se  complexes* He a lso  found th a t  the  exp erim en ta l d a ta  
on th e  f e r r i c  p h e n o la te  complexes ag reed  ro u g h ly  w ith  th e  Hammett CT equation 
[ 3 ^ ]• W ith th e  a id  o f  the Sarm onsakis [37] e q u a tio n , he has a lso  c a lc u l ­
a te d  th e  e q u ilib r iu m  c o n s ta n ts  f o r  th e  exchange r e a c t io n .
XCgH^OFe2* + CgH^cT *=£ x c & \° ~  + C ^ O F e 2* ’
S ince the  r e s u l t s  o b ta in e d  i n  t h i s  way d i f f e r  m arkedly from  th e  observed  
v a lu e s , th e  au th o r concluded  th a t  th e  sim ple e l e c t r o s t a t i c  model o f the
(
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complex on ?7hich he based  h i s  c a lc u la t io n s  i s  in a d eq u a te . I t  appears 
th e re fo re  th a t  a  s ig n i f i c a n t  amount o f c o v a le n t bonding occu rs  i n  th e se  
complexes*
S ev e ra l Yrorkers [38 ,39*40] have proposed  t h a t ,  f o r  a s e r ie s  o f  r e ­
l a t e d  o rg an ic  l ig a n d s ,  a  l i n e a r  r e la t io n s h ip  sho u ld  e x i s t  betw een th e
lo g a rith m  of th e  s t a b i l i t y  c o n s ta n t o f the m e ta l complex and th e  n e g a tiv e  
lo g a rith m s  o f th e  a c id  d is s o c ia t io n  c o n s ta n t o f  th e  re s p e c tiv e  l ig a n d .
As m entioned e a r l i e r  the  fo rm atio n  of a f e r r i c  p h en o la te  complex 
i s ,  i n  g e n e ra l , accompanied by th e  appearance o f  an in te n s e  c o lo u r . Accord­
in g  to  W illiam s [4 1 ,4 2 ] th e  a b so rp tio n  s p e c tra  o f f e r r i c  p h e n o la te s  a r i s e
from a d -d  t r a n s i t i o n  v a c a tin g  a t  o r b i t a l ;  th e  v a ca te d  o r b i t a l  can th e n
accep t an e le c tro n  from  th e  l ig a n d  g iv in g  r i s e  to  a  charge t r a n s f e r  spectrum*
A ccord ing ly  th e  f e r r i c  io n  should a c t  as an 7 r-e lec tro n  a c c e p to r a t  l e a s t  
d u ring  o p t i c a l  e x c i t a t io n .  W illiam s su g g ested  th e re fo re  th a t  as th e  tr~
donor tendency  o f  th e  l ig a n d  in c re a s e s  th e  c h a r a c te r i s t i c  band o f th e  com­
p le x  shou ld  move tow ard lo n g e r w avelen g th s . Rao and Rao [ 43] in v e s t ig a te d  
th e  a b so rp tio n  s p e c tra  o f  the  complexes formed bet?/een th e  f e r r i c  io n  and 
phenol, p a ra -c h lo ro p h e n o l, p a ra -su lp h o n y l phenol and p a ra -n itro p h e n o l.  They 
found th a t  as th e  e le c t r o n  donor p ro p e r t ie s  o f the s u b s t i tu e n t  in c re a s e s  
the  p o s i t io n  o f th e  maximum o f a b so rp tio n  moves tow ard  lo n g e r  w avelengths*
The o b je c t  o f th e  p re s e n t  work i s  to  p ro v id e  more in fo rm a tio n  r e ­
g a rd in g  th e  e f f e c t  o f s u b s t i tu e n ts  on th e  s t a b i l i t y  and a b so rp tio n  s p e c tra
(
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of complexes form ed betw een th e  f e r r i c  io n  and s u b s t i tu te d  pheno ls  in  
aqueous media o f low pH. For t h i s  purpose th e  fo llo w in g  f i f t e e n  mono- 
s u b s t i tu te d  phenols have been s e le c te d , o r th o - ,  m e ta ^  and. p a ra - f lu o ro  
and ch lo ro  p h en o ls , ortho-brom o pheno l, o r th o -  and p a ra -io d o  p h en o ls , 
m eta-m ethyl pheno l, meta-methoxy phen o l, m eta- and p a ra -fo rm y l and 
a c e ty l  p h en o ls .
(
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S E C T I O N  I I
EXPERIMENTAL
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PART 1
MATERIALS
A ll  re a g e n ts  were o f  ’’AnalaR” grade w ith  th e  e x cep tio n  o f  th e  
s u b s t i tu te d  p h en o ls , 5*5 d ie th y l  b a r b i tu r i c  a c id  and sodium p e rc h lo ra te .
P u r i f i c a t io n  o f th e  S u b s t i tu te d  Phenols
Monohydric pheno ls a re  g e n e ra lly  l iq u id s  or lo  \r m e ltin g  s o l id s ,  
a lthough  th e  p resen ce  o f an e le c t r o n  w ithdraw ing s u b s t i tu e n t  r a i s e s  th e  
m eltin g  p o in t  sh a rp ly .
For th e  purposes o f p u r i f i c a t i o n  th e  l i q u i d  p h en o ls  and v ery  
low m e ltin g  pheno ls  (nup . <C59°C) were d i s t i l l e d  i n  an atm osphere of 
n itro g e n  under reduced  p re ssu re *  The d i s t i l l a t i o n s  were re p e a te d  u n t i l  
th e  r e f r a c t iv e  in d ex  o f two su cce ss iv e  f r a c t io n s  agreed  to  w ith in  0 .1 ^ .
The e x tra p o la te d  b o i l in g  p o in ts  w ere, i n  g e n e ra l ,  in  good agreem ent w ith  
th e  l i t e r a t u r e  v a lu es  [44*4-5] • In  some ca se s  th e  m elting  p o in t  o f  th e  
phenol co u ld  be m easured and t h i s  was tak en  as a f u r th e r  check on th e  
p u r i ty .
The fo llo w in g  ta b le  ( 2 . l )  g iv e s  th e  o r ig in  o f th e  sample and a com­
p a r is o n  o f  the  observed  and l i t e r a t u r e  v a lu es  o f th e  m e ltin g  and b o i l in g  
p o in ts  o f the  p h eno ls  p u r i f ie d  in  t h i s  way.
(
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TABLE 2 .1
Compound O rig in  o f 
Sample
B o ilin g  P o in t (°C) 
Ob serve d j Li te r a tu r e
M elting  P o in t (°C) 
Ob se rv ed  jL i te r a tu r e
o-E -phenol L ig h t Co. L td . 150-152 151-152 -
m -F-phenol L igh t Co, Ltd* 177-178 177 .8 - -
p-E -phenol L ig h t Co. L td . 184-186 185 .5 - -
o -C l-pheno l BoD.H. 174-176 175-176 - -
m -C l-phenol Eastman Organic 
Chem icals
214-215 214 32-34 32 .8
p-C l-p h en o l BoD.H. 215-217 217 42-43 42 .9
o-B r-pheno lj B. D. H.j 193-195 194-195
-
m-CH^O-pbendL BoD.Ho 242-244 244 _
m-CbL-phenol D BoDoH.
200-202 201.8
S ince  o -  and p -io d o -p h en o ls  a re  th e rm a lly  u n s ta b le  and decompose 
s l i g h t l y  even a t  60°C> the  com m ercial samples (o b ta in e d  from Eastman 
O rganic C hem icals) were r e c r y s t a l l i s e d  from a lc o h o l-w a te r  m ix tu re s . The 
m eltin g  p o in ts  o f th e  o -  and p a ra -io d o  pheno ls p u r i f i e d  i n  t h i s  way were 
40~41°C and 91-92°C; th e se  v a lu es  agree w e ll w ith  th e  l i t e r a t u r e  v a lu e s
of 40.4°C and 92°C [4 5 ] .
The m eta- and p a ra -fo rm y l (-CHO) and a c e ty l  (CH^CO) s u b s t i tu te d  
phen o ls  were p u r i f i e d  by re p e a te d  r e c r y s t a l l i s a t i o n  from  c o n d u c tiv ity  w a te r
(
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and d r ie d  in  vacuo over phosphorus pen tox ide  f o r  s e v e ra l  Y/eeks. The 
m eltin g  p o in ts ,  w hich agreed  w e ll w ith  th e  l i t e r a t u r e  v a lu es  [ 45]? wjliere 
used as  c r i t e r i a  o f p u r i ty  (see  Table 2 .2 ) .
TABLE 2 .2
Compound O rig in  o f 
Sample
M elting
Observed
p o in t  (°C)
L i te r a tu r e
_______________________________
m-formyl phenol B.D.H.
.
106-107 106
p-fo rm y l phenol
■
B.D.H. 115-116 116
m -aoety l pheno l B.D.H. 95. 5-96 .5 96
p -a c e ty l  phen o l B.D.H. 10S-109 109
B arbitone (5s5 d ie th y l  b a r b i tu r i c  a c id )
Commercial b a rb ito n e  (o b ta in e d  from  B.D .H .) was r e c r y s t a l l i s e d  th r e e  
tim es from  36% e th a n o l and d r ie d  in  vacuo over £*2^5 ^ o r se v e ra l  weeks. The 
m elting  p o in £ "o f th e  p ro d u c t was 189°C which i s  in  good agreem ent w ith  th e  
v a lu es  188*8°C quoted by Manov, S ch u e tte  and K irk  [ 46]#
Borax
In  o rd e r to  o b ta in  th e  d ecahydra te  (Na^B^O-^.lOH^O) ’’AnalaR” borax  
was r e c r y s t a l l i s e d  from  w a te r as d e sc rib e d  by Manov, D e h o llis  and A cree [ 4 7 ] .  
S tandard  s o lu t io n s  were p rep a red  by w eighing  b o rax  as  th e  d e ca h y d ra te .
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P e rc h lo r ic  a c id
S tan d ard  p e rc h lo r ic  a c id  s o lu t io n s  were p rep a red  from  ’’AnalaR”
p e rc h lo r ic  a c id  and s ta n d a rd is e d  a g a in s t  b o th  borax  and sodium carbonate*
d io x id e - f re e  c o n d u c tiv ity  w a te r . The r e s u l t in g  s o lu t io n  was s ta n d a rd is e d  
w ith  po tassium  hydrogen p h th a l la te  and s tan d a rd  p e rc h lo r ic  a c id . In  e x p e r i­
ments where sodium hydroxide was used  c a rb o n -d io x id e -fre e  c o n d u c tiv i ty  w ater 
was used  in  the  p re p a ra t io n  o f s o lu t io n s .
F e r r ic  hydrox ide , p re p a red  by p r e c ip i t a t io n  from  a h o t s o lu t io n  o f 
f e r r i c  c h lo r id e  w ith  a s l i g h t  excess o f  ammonia, was washed th o ro u g h ly  to  
give a n e g a tiv e  t e s t  f o r  c h lo r id e  io n s  and d is so lv e d  in  p e rc h lo r ic  acid*  
The c r y s t a l s  o f  h y d ra ted  f e r r i c  p e rc h lo ra te  o b ta in ed  from  t h i s  s o lu t io n  
were f i l t e r e d  in  a s in te r e d  g la s s  c ru c ib le  and some o f  th e  excess p e rc h lo r ic  
a c id  washed away w ith  w ater*
A s to ck  s o lu t io n  o f f e r r i c  p e rc h lo ra te  was p rep a red  by d is s o lv in g  
c r y s ta l l in e  f e r r i c  p e rc h lo ra te  in  p e rc h lo r ic  a c id . The r e s u l t in g  s o lu t io n  
was app rox im ate ly  0 .1  M i n  f e r r i c  p e rc h lo ra te  and 0.02 M in  p e rc h lo r ic  acid*  
th e  s o lu tio n  was an a ly sed  f o r  i r o n  bo th  g ra v im e tr ic  a l l y  (a s  Fe^O^) and
S tandard  s o lu t io n s  o f sodium hydroxide were p re p a red  by t r a n s f e r r in g  
a f i l t e r e d  50fo sodium hydroxide s o lu t io n  in to  a n ic k e l  b o t t l e  [ 4 8 ] ( f i t t e d  
w ith  a soda-lim e guard  tu b e) c o n ta in in g  th e  r e q u i s i t e  amount o f c a rb o n -
(
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volume t r i e  a l l y .  The amount o f f r e e  p e rc h lo r ic  a c id  i n  th e  s o lu t io n  was
determ ined by th e  method o f Schumb and Sv/eester [lCflj. 10 m l. o f the  f e r r i c  
p e rc h lo ra te  ~ p e rc h lo r ic  a c id  s o lu t io n  was added to  app rox im ate ly  k-0 m l. 
of b o i l in g  w ater and t i t r a t e d  w ith  0 .1  N sodium hydroxide in  the  p resen ce  
o f phenol p h th a le in  in d ic a to r .  In  o rd e r to  be ab le to  observe th e  c o lo u r 
change a t  th e  end o f  th e  t i t r a t i o n ,  th e  p r e c ip i ta te d  f e r r i c  hydroxide was 
allow ed to  s e t t l e  a f t e r  each  a d d i t io n  o f  a l k a l i .  The t i t r e  gave th e  t o t a l  
c o n c e n tra tio n  o f C10^ p re s e n t  and the  amount o f  p e rc h lo r ic  a c id  was 
o b ta in ed  by d if f e r e n c e .
(
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PART 2
SPECTROPHOTOMETRIC MEASUREMENTS
S pec tro p h o to m etric  measurem ents were made by means o f a Unicam 
SoP* 500 sp ec tro p h o to m ete r. The in s tru m e n t c o n s is ts  o f a hydrogen lam p, 
fo r  use in  the  range 200-300 mp, and a tu n g s te n  lam p, f o r  th e  320 mp -  
1000 mp re g io n , a  monochromator w ith  a 30° q u a rtz  p rism , and in te rc h a n g e a b le  
b lue  and re d  p h o to c e l ls .  The p h o to c e l l  o u tp u t c u r r e n t  i s  m easured by 
b a lan c in g  th e  drop a c r o s s  a lo a d  r e s is ta n c e  o f 2000 megohms w ith  a  s l id e  
?d re  p o te n tio m e te r c a l ib r a te d  i n  b o th  pe rcen tag e  tra n sm iss io n  and o p t ic a l  
d e n s i ty .  The s e n s i t i v i t y  c o n tro l  v a r ie s  th e  e l e c t r i c a l  s e n s i t i v i t y  by 
approxim ately  10 to  1 , allo?d.ng th e  u s e r  to  s e t  th e  s l i t  w id th  and o p e ra te  
a t  p red e term in ed  band w id th s . A sw itch  i s  a lso  p ro v id ed  which in c re a s e s  
the  s c a le  s e n s i t i v i t y  by a f a c to r  o f  10, p e rm ittin g  g r e a te r  accuracy  o f  
read in g  when th e  o p t ic a l  d e n s ity  i s  above u n i ty .
A ll  sp ec tro p h o to m etric  measurements w ere c a r r ie d  o u t a t  25°C. F o r 
th i s  purpose u se  was made o f  a Unicam S .P .570  C onstan t Tem perature C e l l  
Housing. This c o n s is ts  o f a hollow  b ra s s  c e l l  h o ld e r th rough  which w a te r , 
k ep t a t  25°C, was c i r c u la te d  by means of a "C irotherm " U nit ( s u p p lie d  by 
Shandon C o .L td .) .  The l a t t e r  u n it ,  which i s  e s s e n t i a l ly  a com bination  o f 
a c i r c u la t in g  pump to g e th e r  ?ri.th a tem p era tu re  c o n t r o l le r  and h e a tin g
(
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elem ent was s i tu a te d  in  a v e s s e l  c o n ta in in g  d i s t i l l e d  w ater (6  l i t r e s ) *
With t h i s  arrangem ent i t  i s  p o s s ib le  to  m a in ta in  c o n s ta n t tem p era tu re  
to  w ith in  0*1°C.
The w avelength  s c a le  o f the  in s tru m e n t was checked u s in g  th e  
° °
hydrogen l i n e s  a t  6563A and 4861A. The o p t i c a l  d e n s ity  sca le  was c a l i ­
b ra te d  u s in g  an aqueous s o lu t io n  o f po tassium  chrom ate [100] i n 0*05 M KOH, 
which was found  to  be a s u i ta b le  s tan d a rd . Measurements were made 
o c ca s io n a lly  a t  a number o f w avelengths to  check th e  o p t ic a l  d e n s ity  
c a l ib ra t io n *
Treatm ent o f  C e lls
In  a l l  sp ec tro p h o to m etric  m easurem ents matched s i l i c a  c e l l s  were 
used; th e se  were o f 1 cm, o r  4  cm, p a th  le n g th  depending upon th e  n a tu re  
o f th e  experim en t. One c e l l  always c o n ta in ed  th e  so lv e n t and th e  o th e r  
the s o lu t io n  whose o p t ic a l  d e n s ity  was to  be m easured. The c e l l s  were 
p laced  in  e x a c tly  th e  same p o s i t io n  every tim e measurements were made*
The c e l l s  were c a l ib r a te d ,  every  tim e o p t i c a l  d e n s ity  m easurem ents were 
made, w ith  so lv e n t i n  b o th  c e l l s .  The m easured o p t ic a l  d e n s i t i e s  were 
then  c o r re c te d  f o r  th e se  sm all c e l l  d i f f e r e n c e s .  In  m easurem ents where 
sodium hydrox ide was employed, th e  c e l l  c o n ta in in g  th e  s o lu t io n  was washed 
w ith  w a te r , fo llo w ed  by a lc o h o l ,  ace tone  and e th e r .  The dry  c e l l  was 
qu ick ly  f i l l e d  w ith  th e  s o lu t io n  c o n ta in in g  sodium hydroxide and stoppered*
(
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Measurements
In  the measurement of o p t ic a l  d e n s ity  f o r  c a lc u la t io n  p u rp o ses , 
d u p lic a te  s o lu tio n s  were used  in  a l l  c a se s . The c o n c e n tra tio n  o f th e  ab­
so rb ing  sp ec ie s  were a d ju s te d  i n  such a v?ay as to  g ive o p t ic a l  d e n s ity  
read in g s  ran g in g  p re fe ra b ly  from  0 ,2  -  0. 8 . For m easurements made a t  a 
f ix e d  w avelength th e  s p e c if ie d  w avelength  was always approached from  one 
d i r e c t io n .  T his was done to p rev en t "b ack la sh ” . The s l i t  w id th  was th en  
s e t  and a l l  measurem ents a t  a g iven  w avelengthw  e re  made u s in g  th e  same s l i t  
w id th . I t  was found th a t  a l l  th e se  p re c a u tio n s  were n e ce ssa ry  to  g ive 
maximum r e p r o d u c ib i l i ty  o f o p t ic a l  d e n s i t i e s .
O p tica l D en sity  Measurements o f P ho tochem ically  S ta b le  S o lu tio n s
To de term in e , as p r e c is e ly  as p o s s ib le ,  th e  d is s o c ia t io n  c o n s ta n ts  o f 
ac id s  o r th e  s t a b i l i t y  c o n s ta n t o f pho to ch em ica lly  s ta b le  complexes 
o p t ic a l  d e n s ity  m easurem ents of a  la rg e  number o f s o lu t io n s  were made.
P r io r  to  th e  o p t ic a l  d e n s ity  measurements th e  ex p erim en ta l s o lu tio n s  were 
k ep t in  a  th e rm o s ta t a t 25°C. A fte r  th erm al e q u ilib r iu m  had been reach ed  
the s o lu t io n s  were t r a n s f e r r e d  to  o p t ic a l  c e l l s  and th e  l a t t e r  p la ce d  in  th e  
thermo s ta t e d  c e l l  h o ld e r , where they  we r e  allow ed to  s tan d  u n t i l  th e y  showed 
no s ig n i f ic a n t  d r i f t  i n  o p t i c a l  d e n s ity , th e re b y  in d ic a t in g  th a t  c o n s ta n t 
tem pera tu re  had been re a c h e d . The o p t ic a l  d e n s ity  was th en  measured as  an 
average o f a t  l e a s t  f iv e  su cc e ss iv e  re a d in g s . These re a d in g s  were r e ­
p ro d u c ib le  to  w ith in  0,2%
(
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O p tica l D ensity  M easurements o f P ho tochem ically  U nstab le  S o lu tio n s
In  th e  case  o f p h o to chem ica lly  u n s ta b le  compounds th e  above p ro ­
cedure o f m easuring o p t ic a l  d e n s i t i e s  i s  no lo n g e r a p p lic a b le  and th e  
method d esigned  by MLlburn [353 was u sed . S ep ara te  s o lu tio n s  of the  
phenol and f e r r i c  p e rc h lo ra te  were f i r s t  b rought to  25°C in  a  th e rm o s ta t .  
The component s o lu t io n s  were then  mixed and measurements o f th e  o p t ic a l  
d e n s ity  o f th e  r e s u l t in g  m ix tu re  s t a r t e d  as soon as p o s s ib le  t h e r e a f t e r .
The o p t ic a l  d e n s ity  d a ta  o b ta in e d  f o r  the m ix tu re  over a tim e in t e r v a l  o f 
about f iv e  m inutes were th en  e x tra p o la te d  g ra p h ic a l ly  to  zero  tim e (see  
F ig .2 .1 ) .  The e x tra p o la te d  value  o f th e  o p t ic a l  d e n s ity  was used  in  th e  
c a lc u la t io n  o f th e  s t a b i l i t y  c o n s ta n t o f  the  complex. The tim e i n t e r v a l  
th a t  e lap se d  between m ixing and the  f i r s t  o p t ic a l  d e n s i ty  measurement was 
never g re a te r  th a n  60 seconds.
To t e s t  th e  r e p r o d u c ib i l i ty  o f th i s  tech n iq u e  d u p lic a te  s o lu tio n s  
were used th ro u g h o u t. The two e x tra p o la te d  v a lu e s  o f the  o p t i c a l  d e n s ity  
agreed to  w ith in  1fo and th e  o p t ic a l  d e n s ity  was tak en  a s  th e  average o f  the  
two v a lu e s . The techn ique  i s  i l l u s t r a t e d  i n  F i g .2 .1  in  w hich the d a ta  f o r  
the  f e r r i c  o r th o - f lu o ro  p h e n o la te  were u t i l i s e d .
(
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In  th e  measurement of th e  ab so rp tio n  s p e c tra  o f the  p h o to chem ica lly  
u n s ta b le  f e r r i c  p h en o la te  complexes th e  a c c e le ra te d  tech n iq u e  d ev ised  by 
H artree  [49 ] was employed. T h is in v o lv e s  th e  d e te rm in a tio n  of th e  ”p h o to - 
c e l l  response  c u rv e s” f o r  the  so lv e n t and th e  s o lu t io n .
In  o rd e r to  u n d e rs tan d  th e  p r in c ip le s  in v o lv ed  i n  t h i s  te ch n iq u e , i t  
i s  d e s ira b le  to  c o n s id e r f i r s t  th e  sequence o f  o p e ra tio n s  in v o lv e d  in  th e
normal method o f  m easuring th e  o p t ic a l  d e n s ity  a t  a g iven  w aveleng th  by  means
of the Unicam S.P .50G . These a re  :
( i )  open s h u t te r  ( s o lv e n t i n  l i g h t  p a th ) .
( i i )  a d ju s t  s l i t  w id th  and s e n s i t i v i t y  c o n tro ls
( i i i )  p u l l  c e l l  c a r r i e r  a c ro ss  ( s o lu t io n  i n  l i g h t  p a th ) .
( iv )  move sw itch  to  1 (see  P i g .2 .2 ) .
(v) a d ju s t  o p t i c a l  d e n s ity  knob.
( v i )  move sw itc h  to  check .
( v i i )  c lo se  s h u t te r .
( v i i i )  push c e l l  c a r r i e r  back ,
.All th ese  o p e ra tio n s  a re  n e c e s s i ta te d  by th e  f a c t  th a t  a t  c o n s ta n t 
s l i t  w id th  b o th  th e  response  o f  the  p h o to c e l l  and th e  amount o f  r a d i a t i o n  
reach in g  th e  p h o to c e l l  vary  w ith  w avelength . I t  i s  f o r  t h i s  re a so n  t h a t  
the s l i t  w id th  must be r e a d ju s te d  and th e  above sequence o f  o p e ra tio n s  r e ­
pea ted  whenever th e w a v e le n g th  i s  changed. The o p t ic a l  d e n s i ty  m easured
in  th i s  way i s  a measure o f th e  d if fe re n c e  i n  s ig n a l  c u r re n t o f th e  
p h o to c e ll  co rrespond ing  to  so lv en t and s o lu tio n  re s p e c t iv e ly *
Now, as a lre a d y  m entioned, th e  a c c e le r a te d  te ch n iq u e  in v o lv e s  th e  
d e te rm in a tio n  o f th e  s o lu t io n  and so lv e n t " response  cu rves"  f o r  a  g iven  
p h o to c e l l .  F or t h i s  purpose the  m agnitude o f  th e  s ig n a l  c u r r e n t  (e x p re sse d  
in  term s of o p t ic a l  d e n s i ty  re a d in g s )  f o r  th e  so lv e n t and s o lu tio n  a re  
measured a s  a fu n c tio n  o f w avelength  a t  c o n s ta n t s l i t  w id th . Under th e se  
c o n d itio n s  th e  i n t e n s i t y  o f the  in c id e n t  l i g h t ,  and hence th e  re sp o n se  o f  
the  p h o to c e l l ,  a re  th e  same f o r  b o th  th e  so lv e n t and s o lu t io n .  The d i f f e r ­
ence in  th e  m agnitudes o f th e  s ig n a l  c u r r e n ts  f o r  so lv e n t and so lu te  
r e p re s e n ts  th e  r e q u i s i t e  o p t ic a l  d e n s i ty  of the so lu tio n *
The p rocedure  f o r  de term in ing  th e  o p t ic a l  d e n s ity  o f a s o lu t io n  by 
th e  a c c e le r a te d  method i s  as fo llo w s : w ith  th e  so lv en t i n  th e  l i g h t  p a th
the w avelength  drum and th e  o p t ic a l  d e n s ity  sca le  a re  s e t  a t  a r b i t a r y  v a lu e s . 
When th e  dark c u r re n t  i s  s te a d y  (sw itc h  a t  check , see F i g .2 .2 ) ,  th e  s h u t te r  
i s  opened and th e  sw itch  moved to  1* The galvanom eter n eed le  i s  now 
c e n tre d  by means of th e  s l i t  and s e n s i t i v i t y  c o n tr o ls .  The w avelength  
drum i s  s e t  su c c e s s iv e ly  a t  a s e r ie s  o f v /avelengths and th e  galvanom eter 
need le  c e n tre d  each tim e by means of th e  o p t ic a l  d e n s ity  knob. In  t h i s  
way, a d ju s t in g  on ly  th e  w avelength  and  o p t ic a l  d e n s ity  knobs o n ly , a  s e r ie s  
o f re a d in g s  o f  o p t ic a l  d e n s ity  a g a in s t  w avelength i s  o b ta in e d . The 
"p h o to c e ll  response  curve" f o r  th e  b lu e  p h o to c e l l  ov er th e  w avelength  range 
400-600 m|i i s  shown i n  F ig ,2 .3 ( a ) .  I t  can be s e e n  from  th e  curve t h a t  w ith
(
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(a )  S o lv en t " response  cu rv e”
(b) S o lu tio n  "response  curve"
(c )  D iffe ren ce  curve (b -  a ) .
a tu n g s te n  lamp as a l i g h t  source and w ith  a f ix e d  s l i t  w id th , maximum 
s ig n a l s t r e n g th  i s  o b ta in e d  a t  540 m(_u
N ext, the c e l l  c o n ta in in g  th e  so lv e n t i s  re p la c e d  by th e  c e l l  con­
ta in in g  th e  s o lu t io n  and, w ith o u t f u r th e r  ad ju stm en t, a second s e r ie s  o f 
o p t ic a l  d e n s ity  re a d in g s  a g a in s t  T/avelength i s  made; th e  s o lu t io n  response  
curve i s  then  c o n s tru c te d  (F ig . 2 .3 0 0 ). f in d  w hether th e  d a rk  c u rre n t
has rem ained s tead y  during  th e se  m easurements th e  sw itc h  i s  re tu rn e d  to  
check and th e  s h u t te r  c lo se d , and th e  p o s i t io n  o f  th e  galvanom eter n eed le  
no ted . The d if f e r e n c e  curve (b -  a )  g iv e s  th e  a b so rp tio n  spectrum  o f the 
s o lu tio n  ( F ig .2 .3 ( c ) ) .
The e s s e n t i a l  c o n d itio n s  f o r  th e  su ccess of t h i s  method a re :
( l )  th e  dark  c u r r e n t  must rem ain s teady  during  the  measurement o f th e  
so lv en t and s o lu tio n  "response  cu rv es” , ( 2 ) th e  s l i t  ad ju stm en t must n o t be  
touched s in ce  a v e ry  sm all movement can  in tro d u c e  a l a r g e r  e r r o r .
By c o n s tru c tin g  " p h o to c e ll re sp o n se  c u rv e s” f o r  b o th  re d  and b lu e  
p h o to c e lls  i t  i s  p o s s ib le  by t h i s  method to  cover th e  s p e c t r a l  range 250 -  
1000 m j j L .  A " p h o to c e ll  response  curve" w i l l  n a tu r a l ly  va ry  w ith  any changes 
in  th e  d i s t r i b u t io n  o f  energy e m itte d  by the  l i g h t  source and a lso  w ith  
changes in  th e  p h o to c e l l  s e n s i t i v i t y .  Such cu rv es  have, however, been 
found to  rem ain v a l id  f o r  e ig h t  h o u rs . Once th e  " p h o to c e ll  re sp o n se  curve" 
has been o b ta in ed  th e  tim e taken  to  c o l le c t  d a ta  f o r  an a b so rp tio n  curve 
i s  reduced  to  about one q u a r te r  o f th a t  re q u ire d  f o r  the  s tan d a rd  p ro ced u re .
(
S E C T I O N  I I I
THE SPECTROPHOTOMETRIC DETERMINATION OF THE DISSOCIATION 
CONSTANTS Off META- AND PARA-ACETYL PHENOLS f 641
(
The d e te rm in a tio n  o f th e  s t a b i l i t y  c o n s ta n ts  o f th e  m e ta l complexes 
to  be s tu d ie d  in  th e  p re s e n t work c l e a r ly  r e q u ir e s  a knowledge o f th e  a c id  
d is s o c ia t io n  c o n s ta n t o f  th e  re s p e c t iv e  l ig a n d s .  The thermodynamic d is s o ­
c ia t io n  c o n s ta n ts  o f  most o f  th e se  pheno ls  have been determ ined  w ith  h igh  
p re c is io n  by B iggs [5 0 ,5 1 ] and Robinson [5 2 ,5 3 ]#  The v a lu es  th ey  o b ta in e d  
are  l i s t e d  in  Table 3*1# There was, however, c o n s id e ra b le  doubt a s  to  the  
r e l i a b i l i t y  o f  th e  v a lu es  o f  th e  d is s o c ia t io n  c o n s ta n ts  o f th e  m eta- and 
p a ra -a c e ty l  phenols* These have been m easured p o te n t io m e tr ic a l ly  by 
Bordwell and Cooper [54-] a t  an io n ic  s tre n g th  o f 0 .02  and a p p a re n tly  w ith o u t 
any c o r r e c t io n  f o r  a c t i v i t y  c o e f f ic ie n ts #  F or t h i s  re a so n  we decided  to  
determ ine th e  thermodynamic d is s o c ia t io n  c o n s ta n ts  o f th e se  phenols*
S p ec tro p h o to m etric  methods o f m easuring a c id  d is s o c ia t io n  c o n s ta n ts  
have been  e x te n s iv e ly  u sed  in  re c e n t y e a rs  [ 55*56,57] • The main advantages 
of t h i s  method l i e  in  th e  f a c t  th a t  o p t i c a l  d e n s ity  m easurem ents made a t  
very low c o n c e n tra tio n  a re  r e l a t i v e l y  as  a c c u ra te  as th o se  made a t  h ig h e r  
c o n c e n tra tio n s , and th a t  even f o r  ve ry  sm all d i s s o c ia t io n  c o n s ta n ts  q u ite  
r e l i a b le  r e s u l t s  can be o b ta in e d  under fav o u rab le  co n d itio n s*  Thus, f o r
example, E rn s t and Menashi [58] have shown th a t  d is s o c ia t io n  c o n s ta n ts  as  
-15sm all as 10 can  be m easured sp ec tro p h o to m etric  a l l y  w ith  s u f f i c i e n t ly  
high  p re c is io n  ( -  2fo).  The p rocedu re  d e sc rib e d  below i s  b ased  upon t h e i r  
method.
THEORETICAL
C onsider a  monobasic ac id  o f th e  type  HL. L e t K be th e  thermo dynamic£1
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Compound D is so c ia tio n  C onstan t R eference
o r th o -f lu o ro p h e n o l 1 .97 X io “ 9 [50 ]
me ta - f lu o ro p h e n o l 6. 22 X 10-10 [50]
p a ra -f lu o ro p h e n o l 1 .23 X i c f 10 [50]
o rth o -ch lo ro p h en o l 2.92 X 10-9 [5 0 ]
met a -c h lo ro  pheno1 7 .41 X 10~10 [50]
p a ra -ch lo ro p h en o l 3 .82 X IQ"10 [50]
ortho-brcm ophenol 3 .63 X
- 9
10 7
,
[5 0 ]
o rth o -io d o p h en o l j 3 .0 9 X -910 7 [5 0 ]
p a r  a - i  o do pheno1 ; 4 .9 5 X i c f 10 [50]
met a-m ethy lphenol 8 .11 X i c f 11 [51]
m eta-m ethoxyphenol 2 .2 4 X x o -10 [52]
me t  a -fo  rmylphe no 1 9 .6 4 X i o “10 [52]
para-form ylpheno1 2.43 X io ~ 8 [52]
me t  a -ac  e ty lp  he no 1 ; 5 .67 X 1 0 -10
-
p re s e n t
p a ra -a c  e ty lp h e  n o l
COcrs•
00 X -910 7 p re s e n t
(
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d is s o c ia t io n  c o n s ta n t o f th e  acidf"*.— th e  m olar e x t in c t io n  c o e f f ic ie n t  o f"'ilij
the  u n d is so c ia te d  form o f  th e  a c id  a n d C ^ - th e  m olar e x t in c t io n  c o e f f ic ie n t  
o f th e  io n is e d  sp e c ie s  o f th e  acid* I t  can be r e a d i ly  shown t h a t  i f  th e  
Lambert Beer Law i s  obeyed th e  o p t ic a l  d e n s i ty  D o f a s o lu t io n  of th e  a c id
a t a g iven  c o n c e n tra tio n  c (m easured a t  a w avelength  \ )  may be exp ressed
by the  e q u a tio n
D = (Doh f^  + n LKa )/(K a + b f* ) . . . ( 3 . 1 )
where f^  i s  th e  a c t i v i t y  c o e f f i c i e n t  o f  a s in g ly  io n iz e d  sp e c ie s  and h i s
the  hydrogen-ion  c o n c e n tra tio n  of the  s o lu t io n .  The q u a n t i t ie s  D and D,c x
are  d e fin e d  by th e  e q u a tio n
D0 = C rl ® (3«2)
^ = 6 ^ . 0 1  . . .  (3 .3 )
where 1 i s  th e  p a th  le n g th  o f th e  c e ll#
E quation  (3 » l)  may be re a r ra n g e d  to  g ive
l/(D -D o) = IA D j -Dq) + hf^/K a (n j-D o) . . .  (3 .4 )
The io n ic  p ro d u c t o f  w a ter i s  g iven  by
h  [ = Kw. . . .  (3 .5 )
whence h f?  = K_ A  OH ] . . .  (3 .6 )
O
S u b s ti tu t in g  f o r  h f^  from  (3*6) in to  (3*4) th e  r e s u l t  i s
1/(D-D0) = l A ^ V  + V V Dl~ Do)[ 0H_] (3 ,7)
(
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Equations (3-4-) and (3*7) p re d ic t  t h a t  i f  l/(D -D o ) i s  p lo t te d  a g a in s t  
2 —,hf^ o r 1^,/t OH ] a  s t r a i g h t  l i n e  should  be o b ta in e d , th e  s lo p e  and in te r c e p t
o f which can  be used to  c a lc u la te  K .a
A ccord ing ly  th e  d e te rm in a tio n  of K r e q u ir e s  th e  measurement o f th ea
o p t ic a l  d e n s i t i e s  o f s o lu t io n  o f  th e  phenol under c o n d itio n s  o f va ry in g  pH.
RESULTS AND- DISCUSSION
SELECTION OF WAVELENGTH 
To f in d  the  most s u i ta b le  w aveleng th , th e  a b so rp tio n  cu rves o f th e  
two p h en o ls  were re c o rd ed  a t  v a r io u s  pH -values. The r e s u l t s  a re  p re se n te d  
in  E ig .3 .1  and 3*2 from  which i t  can be seen  th a t  th e  s p e c tra  c o n s is t  o f two 
d i s t i n c t  bands and th e  a b so rp tio n  cu rves i n t e r s e c t  a t  a  w e ll d e fin ed  isoS~* 
b e s t ic  p o in t .  In  b o th  c a s e s  th e  bands a re  s e p a ra te d  by some 4-0 mfj, and 
the  band co rresp o n d in g  to  th e  p resence  of th e  u n d is so c ia te d  sp e c ie s  o ccu rs  
a t  s h o r te r  w avelengths th a n  th a t  o f th e  io n iz e d  s p e c ie s .  A f u r th e r  p o in t  
of i n t e r e s t  i s  th e  f a c t  th a t  a  d isp lacem ent of th e  a c e ty l  group from th e  
m eta- to  th e  p a ra -  p o s i t io n  m arkedly in c re a s e s  th e  i n t e n s i t y  o f th e  band 
co rrespond ing  to  th e  io n iz e d  sp ec ie s  and s h i f t s  i t  tow ards s h o r te r  wave­
le n g th s . S ince th e  e f f e c t  o f  pH on the  ab so rp tio n  cu rv es  i s  most pronounced 
a t  the  w avelength  o f  th e  peak co rrespond ing  to  the  io n iz e d  s p e c ie s , th e  
o p t ic a l  d e n s i t i e s  o f th e  s o lu tio n s  of th e  m eta- and p a ra -  isom ers, a n d  th e  
r e q u is i te  Dq v a lu e s  were m easured a t  350 and 323 ki(jl r e s p e c t iv e ly
(
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LEG-END FOR 
c = 3* 24^ x 10 S n o le /l#
(1) 0,28N HCIO^ (4 ) ‘borax  b u f f e r  (pH = 9*27)
(2) bo rax  b u f f e r  (pH = 8 . 80) (3) b o rax  b u f fe r  (pH = 9 .54 )
(3) bo rax  b u f f e r  (pH = 9>10) (6 ) b o rax  b u f f e r  (pH = 9 .94)
(7 ) 0.12N NaOH
c
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c = 8C235 x  10 ^m ole /lc
(1) 0.28N HCIO^ (4 ) "borax b u f f e r
(2 ) phosphate b u f f e r  (pH = 7*52) (5 ) b o rax  b u f f e r
( 3 ) b o rax  b u f f e r  (pH = 7*88) (6 ) 0.12 N NaOH
(
= 8 .2 5 ) 
= 8 .5 3 )
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F1G.3.2 . ABSORPTION CURVES OF p-A C £ T Y L PHENOL
IN a q u e o u s  s o l u  tion
07
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0 *2 '
350 3903703303102902 7 0
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MEASUREMENT OF D „  o
S ince the  p rocedure  based  upon eq u a tio n  (3 .4 )  o r  (3*7) r e q u ir e s  a 
knowledge o f th e  q u a n tity  Dq m easurem ents were f i r s t  made o f the  o p t i c a l  
d e n s ity  o f  aqueous s o lu t io n s  o f  th e  phenols which were 0 .07  N, 0 .1 4  N,
0.21 N and 0 .28  N in  p e rc h lo r ic  a c id . The r e s u l t s  o f  th e se  m easurem ents, 
which were c a r r ie d  o u t a t  th e  w avelength  chosen f o r  th e  re s p e c t iv e  pheno l, 
show th a t  th e  o p t ic a l  d e n s ity  in c re a s e s  a t  f i r s t  w ith  in c re a s in g  co n cen tra ­
t io n  o f p e rc h lo r ic  a c id  b u t e v e n tu a lly  reach es  a value w hich, w ith in  the  
ex p erim en ta l e r r o r  o f th e  in s tru m e n t, rem ains c o n s ta n t. This va lu e  f o r  
each pheno l, which i s  g iven  in  T ab les  3*2 and 3*3* ®&y th e re fo re  be 
id e n t i f i e d  w ith  Dq f o r  th e  r e s p e c t iv e  phenol*
TESTS OF CHEMICAL STABILITY OF META- AND 
PAM-ACETYL PHENOLS
The q u e s tio n  o f chem ical s t a b i l i t y  of th e  substance  to  be i n v e s t i ­
ga ted  i s  im p o rtan t because in  sp ec tro p h o to m etric  m easurements b o th  r e v e r s ib le  
and i r r e v e r s ib l e  l i g h t  e f f e c t s  may in tro d u c e  so u rces o f  s e r io u s  e r r o r  i f  
no t re co g n ized  and allow ed f o r .  F or t h i s  re a so n , in  any sp ec tro p h o to m etric  
work, t e s t s  o f r e p r o d u c ib i l i ty  o f  measurement ( s o lu t io n  p re p a ra t io n  and 
ageing) a re  mandatory# During the  p re s e n t  work i t  was fo u n d  th a t  on ex­
posure to  d a y lig h t th e  o p t i c a l  d e n s i t ie s  o f b o th  a c id  and a lk a l in e  s o lu t io n  
of th e  two pheno ls  rem ained c o n s ta n t, vriLthin esqperim ental e r r o r ,  a f t e r  24
(
5**
hours, b u t in c re a s e d  3 -4$  a f t e r  5 days. No change, in  e i t h e r  co lo u r o r  
o p t ic a l  d e n s ity , was observed  on exposing th e  phenol s o lu t io n  to  8 hours 
of u .v .  r a d ia t io n .  Thus f o r  th e  p u rposes o f t h i s  work s o lu tio n s  o f m eta- 
and p a r a - a c e ty l  pheno ls  may be reg a rd ed  as s ta b le .
DISSOCIATION CONSTANT OF META-ACETYL PHENOL
To m inim ise e r r o r s  in v o lv e d  in  th e  measurement o f o p t i c a l  d e n s ity , 
s o lu tio n s  o f th e  pheno l were used  whose pH v a lu es  were o f th e  same o rd e r
o f  m agnitude a s  th e  pK v a lu e  o f  m e ta -a c e ty l  p h e n o l. F o r t h i s  p u rp o sea
borax b u f f e r s  were employed as  th e  d is s o c ia t io n  c o n s ta n t o f b o r ic  a c id
i s  o f th e  same o rd e r  o f  m agnitude as th a t  o f m e ta -a c e ty l pheno l and in
a d d itio n  a h ig h ly  r e l i a b le  v a lu e  f o r  th e  d is s o c ia t io n  c o n s ta n t o f th e
form er has been re p o r te d  [ 4-7] * At th e  w avelength employed (330 mfi) b o r ic
ac id  does n o t ab so rb .
B orax , Na^B^O^.lOH^O, h as  b e e n  f r e q u e n t ly  u se d  f o r  th e  c o n t r o l  o f
pH in  the  a lk a l in e  range and th e  pH of s o lu t io n s  o f t h i s  m a te r ia l ,  which
i s  ap p ro x im a te ly  9*2 a t  25°C, h as  b een  made to  c o v e r  th e  pH ran g e  from
8 to  1 0 .5  by  th e  a d d i t io n  o f  known q u a n t i t i e s  o f  a c id  o r  b a s e .
The d is s o c ia t io n  o f th e  t e t r a  b o ra te  io n  in  w a ter to  y ie ld  s im p le r
ions i s  w e ll e s ta b lis h e d  [59>60] &ud m easurem ents of th e  Ramon S p e c tra  [ 60]
in d ic a te  t h a t  th e  r e a c t io n
B, 0 2~ + 3Ho0 — » 2H-,B0- + 2B0 ~4 -7  2 3 3 2
i s  c o m p le te . F o r th e  p r e p a r a t io n  o f  b o ra x  b u f f e r s ,  i t  i s  im m a te r ia l
(
w hether th e  f r e e  a c id  i s  o rth o -b o ric  (H^BO^) o r  m eta -b o ric  (HBO^) as the  
s o lu tio n s  a re  s u f f i c i e n t ly  d i l u t e .  There appears  to  be some evidence [59] 
o f th e  fo rm a tio n  o f  p o ly b o ra te  io n s  in  c o n c e n tra te d  so lu tion® . Manov e t  
a l .  [ 4 7 ] ,  who determ ined  th e  d is s o c ia t io n  c o n s ta n t o f b o ric  a c id , came to  
th e  c o n c lu s io n  th a t  th e  fo rm a tio n  of such p o ly an io n s  may be n e g le c te d  a t
c o n c e n tra tio n s  o f b o rax  < ^ 0 .0 2  M. T his co n c lu s io n  has been  confirm ed by
th e  work o f I n g r i ,  LangerstrSm , Frydmann and S i l l e n  [ 6 l] who have shown 
th a t  a t  c o n c e n tra tio n s  o f bo rax  0 .025  M th e  p rim ary  re a c t io n  i s
ELB0_ BO ~ + H* + Ho0
j  j  £ £
In  th e  p re se n t work s o lu tio n s  c o n ta in in g  0 .0 1  M borax  were employed
th e reb y  avoding the p o s s i b i l i t y  of th e  fo rm a tio n  o f p o ly b o ra te  a n io n s .
For the  d e te rm in a tio n  of th e  d is s o c ia t io n  c o n s ta n t o f m e ta -a c e ty l  
phenol f ix e d  amounts o f a  s tan d a rd  s o lu t io n  o f bo rax  were mixed w ith  v a ry in g  
amounts o f e i th e r  s ta n d a rd  sodium hydroxide o r  s tan d a rd  p e rc h lo r ic  a c id  
s o lu tio n . Each m ix tu re  was f i n a l l y  made up w ith  a  f ix e d  amount o f a  s tan d ­
ard  s o lu t io n  o f th e  phen o l and a r e q u i s i t e  amount o f  w a te r so t h a t  th e  
s to ic h io m e tr ic  c o n c e n tra tio n  of b o th  phenol and b o ra x  rem ained co n stan t*
The o p t ic a l  d e n s i ty  o f the  s o lu t io n  was m easured a s  a fu n c tio n  o f  pH in  the  
pH-range 8*75 -  9*75 (co rre sp o n d in g  to  25 -  75$ d is s o c ia t io n  o f th e  phenol)*
The d is s o c ia t io n  o f th e  two ty p e s  o f a c id  p re s e n t  can be re p re s e n te d
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where th e  symbols HL and HA r e f e r  to  th e  phenol and b o ric  a c id  r e s p e c t iv e ly .  
A ccordingly th e  d is s o c ia t io n  c o n s ta n ts  of th e  two a c id s  a re  g iven  by 
eq u a tio n  (3*8) and (3*9)
K = h[Ii- ]ffyTHLl . . .  (3 .8 )
B* J-
K' = h[A ~]f^/[H A ] . . .  (3 .9 )
Let c be the  s to ic h io m e tr ic  c o n c e n tra tio n  o f the pheno l and a be t h a t  o f  
borax , th en
c = [ HL] + [ L ] • • • ( 3 * 1 0 )
4a = [HA] + [A- ] . . .  (3.XL)
The e l e c t r o n e u t r a l i t y  c o n d itio n  assumes in  t h i s  in s ta n c e  th e  form  
[Na+] + [ H +] = [ OH**] + [A~] + [L ~ ] + CIO^"*]. . .  (3 .1 2 )
By com bining e q u a tio n  (3»9) w ith  (3*11) i t  can be shown th a t  
[A- ] = 4 a K '/(h f^  + K ')
= 4a'X’[ + K '[0H - ]) . . .  (3 .1 3 )
S im ila r ly  by combining e q u a tio n  (3»8) w ith  (3 .1 0 ) we have
[L “] = cKa /(K a + h f^ )  . . .  (3 .1 4 )
R earranging  (3*4) we o b ta in
Ka/ ( K a + h f ^ )  = (D -  Do ) /(D 1 -  Dq ) . . . ( 3 . 1 5 )
S u b s t i tu t in g  f o r  K /(K  + h f? )  from  (3 .1 5 )  in to  (3 .1 4 )  i t  fo llo w s
S, 3  J-
th a t
[ iT ]  = o(D -  Dq )/(D 1 -  Dq ) . . . ( 3 . 1 6 )
(
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E lim in a tin g  [A ] and [ L ] from  (3 .1 2 ) w ith  the  a id  o f  (3*13) &&&
(3 . 16) and p u t t in g  q = [ CIO^  ^ ex p re ss io n  i s  o b ta in e d
[Wa+] = [OH- ] + 4aK '[0 H "]A w + K'[ OH*] + c(D -  D p / f ^  -  Dq ) + q
. . .  (3 .1 7 )
r + isin ce  i n  th e  pH-range employed [H J i s  n e g l ig ib ly  sm all.
L et b be th e  s to ic h io m e tr ic  c o n c e n tra tio n  o f sodium hydroxide added,
then
[ Na+] = 2a + b
Hence from  (3 .1 7 )
2a + b = [OH*] + 4aKf[0 H "]/(K w + K![ 0H“] ) + c(D -  D , ) / ^  -  T>±) + q
. . .  (3 .18)
F in a l ly  re a rra n g in g  (3 .1 8 )
_ o _ f  \
Kf[ OH ] + [ OH ] ^ K w + Kf[ q + 2a -  b + c(D -  D0 ) / ( I)1 "  B0 )] j ~
Kf[ 2a + b -  q -»c(D -  D0) / ( Di  “ B0 )l = 0 • • •  (3 .1 9 )
from which [ OH ] can  be  c a lc u la te d  by tlhe s tan d a rd  method.
To e v a lu a te  th e  d is s o c ia t io n  c o n s ta n t o f m e ta -a c e ty l pheno l th e  m ethod 
o f su ccess iv e  approx im ation  was u sed . For t h i s  purpose the  term
“  Dq )/(D 1 -  Dq ) i n  e q u a tio n  (3 . 19) was f i r s t  n e g le c te d  and an approxim ate 
value f o r  th e  hyd roxy l c o n c e n tra tio n  o f th e  s o lu t io n  o b ta in e d . By ap p ly in g  
the  method o f l e a s t  sq u ares  to  e q u a tio n  (3*7) a  rougk v a lu e  f o r  th e  i n t e r -  
c e p t, (3 ss. l / (D 1 -  Dq ) , was found and hence approxim ate v a lu e s  f o r  th e  term  
c(D -  Dq )/(D ^ -  Dq ) c a lc u la te d .  These were u sed  to  compute more a c c u ra te  
v a lues f o r  th e  hydroxy l io n  c o n c e n tra tio n  w ith  th e  a id  o f e q u a tio n  (3*19)*
- 49-
A fte r  each  cy c le  a va lu e  f o r  th e  d is s o c ia t io n  c o n s ta n t was c a lc u la te d  from  
th e  fo llo w in g  r e la t io n s h ip
K = p /a  . . .  ( 3 . 20)ct
where a  i s  th e  s lo p e , l / K ^ D ^  -  an<^  ^ -^n^e rc e P^> l/D ^  "  B0 )«
The p ro c e ss  of su cc e ss iv e  approx im ation  was co n tin u ed  u n t i l  th e  v a lu e s  f o r
K from  two su cc e ss iv e  c y c le s  ag reed  to  w ith in  0 . 01%. a
The p re c is io n  [ 62] o f  th e  ex p erim en ta l d a ta  was e s tim a te d  by comput­
in g  f i r s t  th e  s tan d a rd  d e v ia t io n  CFy, o f y  = l / ( D  -  F0 )* T h is i s  d e fin e d  by
= [ ) (Ay)2/(n - !)]2 ••• (3.21)
I
where A  y = y -  y , and n = th e  number o f o b s e r v a t io n s .  The s ta n d a rd  J • 'c a lc  •'obs
d e v ia t io n  of th e  s lo p e  (a )  and th e  in te r c e p t  ((3) from  tfye e x p re ss io n
CTa  = G y  | n 2/ ( n  -  l ) [ n  ^  x2 -  ( I \ ) 2] J  . . .  (3 .2 2 )
±
f M o  M o  M o 1 2 . . .  (3 .2 3 )
°P  = ° y  [ (n ^  xi ) / (n  " l ) [ n  ^  xi  “ ( 5  xi ) 1 j
where x = K\ A  OH ] .
The v a lu es  o f CT and O .  so o b ta in e d  were th en  used  to  compute th e  a  p
s tan d a rd  d e v ia t io n  o f Ka  w hich, in  view of e q u a tio n  ( 3 *20) i s  e x p re sse d  
as fo llo w s
- (5- 24>
In  a d d it io n  s in c e  the  v a lu e  o f i s  g iven  by
Dn = D + 1/(3 . . .  (3 .2 5 )1 o
then
= ± [ ,< tr  ) 2 + _ ( ^ / P 2 ) ¥  . . . ( 3 . 26)
—'301—
The o p t ic a l  d e n s i ty  d a ta  re p o r te d  re p re s e n t  th e  average v a lu es  r e ­
s u l t in g  from  two s e r ie s  o f  measurement perform ed on d u p lic a te  s o lu t io n s .  For 
t h i s  re a so n  th ey  a re  ex p ressed  to  fo u r  decim al p la c e s  a lthough  o n ly  the  
f i r s t  th re e  d i g i t s  a re  s ig n if ic a n t*
The c a lc u la t io n  in v o lv ed  i n  th e  d e te rm in a tio n  of m e ta -a c e ty l pheno l 
were c a r r ie d  out on a F e r r a n t i  S i r iu s  d i g i t a l  com puter. The flo w  diagram  
f o r  th e  autocode programme i s  g iven  in  the  appendix . The r e s u l t s  o f th e  
c a lc u la t io n s  f o r  th e  m e ta -a c e ty l pheno l i n  which th e  v a lu e s  1 ,008 x 10 
and 3 .833 x  10 ^  were adopted f o r  and the  d is s o c ia t io n  c o n s ta n t
o f b o r ic  a c id  [47] r e s p e c t iv e ly ,  a re  g iven  in  Table 3 .2  and i l l u s t r a t e d  in  
F ig .3,3* I t  can be seen th a t  th e  v a lu e  o f  (5*67 -* 0 . 06) x  10 ^  i s  
a p p re c ia b ly  low er th a n  th a t  r e p o r te d  by Bordwell and Cooper [ 3 4 ]. Judging
by th e  s tan d a rd  d e v ia t io n  o f K . and D-. th e  p re c is io n  a t ta in e d  in  th e  p re s e n ta x
case i s  s a t i s f a c to r y .
The above d is c u s s io n  shows t h a t  in  de term in ing  th e  thermodynamic
d is s o c ia t io n  c o n s ta n t o f m e ta -a c e ty l pheno l no e x p l i c i t  use was made o f th e
a c t i v i t y  c o e f f ic ie n t s  o f th e  charged  species*  T his was p o s s ib le  o n ly
because, in  th e  pH-range employed i n  th e  p re s e n t  c a se , th e  h y d rcgen -ion
2c o n c e n tra tio n  i s  n e g l ig ib ly  sm all, and because th e  term  h f^  i n  e q u a tio n s  
(3*4) and  (3*13) co u ld  be re p la c e d  by OH ]*
The io n ic  s t r e n g th  o f th e  ex p erim en ta l s o lu t io n  i s  given by 
I  = -H [N a +] + [ H+] + [ 0H~] + [A“ ] + [ iT ]  + [C104- ]^ . . .  (3 .2 7 )
N eg lec tin g  th e  hydrogen io n  c o n c e n tra tio n  and  u s in g  eq u a tio n  (3 .1 2 )
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we o b ta in
I  = 2a + b . . .  (3 .2 8 )
I t  fo llo w s , th e r e f o r e ,  t h a t  i f  b = 0, i . e .  i f  no ad d itio n s  o f a l k a l i  
a re  made to  th e  bo rax  b u f f e r s ,  th e  io n ic  s tr e n g th  o f th e  s o lu t io n  rem ains 
f ix e d  a t  I  = 2a, i r r e s p e c t iv e  o f the  amount o f p e rc h lo r ic  a c id  o r pheno l 
p re se n t i n  the s o lu t io n ,  p ro v id in g  o f course  th a t  th e  hydrogen io n  c o n cen tra ­
t io n  i s  n e g l ig ib ly  sm all compared w ith  th a t  o f o th e r  s p e c ie s .  I t  may be 
concluded* th e r e f o r e ,  th a t  under c e r ta in  c o n d itio n s  b o rax  can fu n c tio n  n o t  
only as a pH b u f f e r  b u t a lso  as an io n ic  s t r e n g th  b u ffe r*
DISSOCIATION CONSTANT OF PARA-ACETYL PHENOL
For the d e te rm in a tio n  of th e  d is s o c ia t io n  c o n s ta n t o f  t h i s  pheno l,
5*5 d ie th y l  b a r b i tu r i c  a c id  was used  in  th e  b u f f e r  s o lu t io n . B arb itone  i s  
s u ita b le  f o r  use i n  a b u f f e r  because i t s  d is s o c ia t io n  c o n s ta n t has been 
a c c u ra te ly  determ ined  by Manov, S ch uette  and K irk  [46] and th e  value  i s  o f 
the  same o rd e r  o f m agnitude o f p a r a - a c e ty l  p h en o l. As m entioned p re v io u s ly  
o p t ic a l  d e n s ity  m easurem ents were made a t  325 a t  which w avelength 5^5 
d ie th y l  b a r b i tu r i c  a c id  does n o t absorb*
The ex p erim en ta l s o lu tio n s  were p re p a red  u s in g  a s to ck  s o lu t io n  o f  
5s5 d ie th y l  b a r b i tu r i c  a c id  i n  s ta n d a rd  sodium hydroxide s o lu t io n .  F ixed 
amounts o f t h i s  s to ck  s o lu t io n  were mixed w ith  vary ing  amounts o f  e i th e r  a  
s tan d a rd  sodium hydroxide s o lu t io n  o r  s tan d a rd  p e rc h lo r ic  a c id  so lu tio n *
(
-5 4 -
Each m ix tu re  was f i n a l l y  made up w ith  a  f ix e d  amount o f a s ta n d a rd  s o lu t io n  
o f th e  phenol and a r e q u i s i t e  amount o f w a te r  so t h a t  the  t o t a l  co n cen tra ­
t io n s  o f bo th  phenol and b a rb ito n e  were m ain ta ined  c o n s ta n t throughout*
The hydroxyl io n  e o n c e n tra tio n  o f th e  s o lu t io n  was a d ju s te d  so th a t  th e  
s o lu t io n  c o n ta in ed  betw een 25 and 75f° o f the io n iz e d  s p e c ie s .
In  th e  p re s e n t  case th e  fo llo w in g  e q u i l i b r i a  have to  be c o n sid e red : 
HL H* + if*
HB ? = £  H* + B~
where HL and HB re p re s e n t  th e  phenol and 5 >5 d ie th y l - b a r b i tu r ic  a c id  r e s ­
p e c t iv e ly .  The d is s o c ia t io n  c o n s ta n t o f th e  pheno l (K&) i s  d e f in e d  by 
eq u atio n  (3*8) and th e  d is s o c ia t io n  c o n s ta n t o f 5?5 d ie th y l - b a r b i tu r ic  a c id  
i s  d e fin ed  by
K‘ = !{B "]f^/tH B ] . . .  (3 .2 9 )
L et a  be th e  s to ic h io m e tr ic  c o n c e n tra tio n  o f  5 i5  d ie th y l - b a r b i tu r ic  
a c id , then
a s  [ HB] + [ B ] . . .  (3 « 3 l)
By com bining e q u a tio n  (3 . 29) w ith  (3 •30) i t  fo llo w s  th a t
[ B~] *  aK */(hf^ + Kf ) . . .  (3 .3 1 )
The e le o t r o n e u t r a l i ty  c o n d itio n  assumes here  th e  form
[Na+] + [ H +] = [0 H “ ] + [B*] + [ lT ]  + [C 1 0 ~ ] . . .  (3 .3 2 )
S u b s t i tu t in g  f o r  [ i f ]  and [B ] from  eq u a tio n  (3 .1 6 )  and (3 .3 1 )  i t  can be
shown t h a t
b + h  = [0H_] + a K '/(h f j- '+  K ') + c(D -  D0 )/(D 1 -  Dq ) + q . .  (3 .3 3 )
(
where, as b e fo re , b and q a re  the  s to ic h io m e tr ic  c o n c e n tra tio n s  o f sodium 
hydroxide and p e rc h lo r ic  a c id  r e s p e c t iv e ly .  In  th e  p re s e n t case  th e  hydro­
gen io n  c o n c e n tra tio n  i s  no lo n g e r n e g l ig ib le  as i t  i s  of th e  same o rd e r o f
— 2magnitude as  th e  hydroxyl io n  co n cen tra tio n *  R eplacing  [ OH ] by  K ^/h f^  i n  
eq u a tio n  (3*33) and re a r ra n g in g  the  fo llo w in g  cub ic  eq u atio n  in  h i s  
o b ta in ed
r  ^
Q (h) = h3f £  + h 2f 2 j f j b  -  q -  c(D  -  Do )/(D x -  Do )] + K '[  
-  h f 2 j l ' [ a  +  q -  b  + o(D -  Dq ) /(D 1 -  »0 )] + k 1 -  K^K' = 0
. . .  (3 .3 4 )
where i s  th e  a c t i v i t y  c o e f f ic ie n t  o f a s in g ly  charged  sp e c ie s  and has 
i t s  u s u a l  s ig n if ic a n c e .
E q u a tio n  ( 3 . 34) can  be so lv ed  f o r  h u s in g  th e  Newt on-Raph son method 
which e n t a i l s  the  use of th e  fo llo w in g  e x p re ss io n
= hn "  . . . ( 3 . 3 5 )
where hn and a re  th e  n th  and ( n + l ) th  approx im ation  f o r  th e  d e s ir e d
r o o t ,
Q ( i g  = ^  ♦ h 2f 2 ( f 2 [b  -  q  -  c(D -  Do) / ( n i -  D0 )] + K<]
-  h  f ?  |> K '|>  + q -  b + o(D -  D „)/(D . -  D )] + K 1 -  K K»n 1 ) L u o 1 o w  ^ w
... ( 3 . 36 )
and Q«(hn ) = (dQ /dh)h=h
- 56-
As a f i r s t  approx im ation  f o r  h was f i r s t  o b ta in e d  by n e g le c tin g  
th e  term s h and c(D -  Dq )/(D ^  -  Dq ) i n  eq u a tio n  (3*33) and so lv in g  th e
r e s u l t in g  q u a d ra tic  e q u a tio n ,
h2f£ (b  -  q ) -  h f jK * ( a  + q -  t )  + K j  -  K K ' = 0 . . . ( 3 . 3 8 )
The a c t i v i t y  c o e f f ic ie n t  f ^  was c a lc u la te d  by means o f th e  D avies 
e q u a tio n  r 63]
= 0 .5 z2 | lV (l + I^ )  -  0 .31^  . . . ( 3 . 3 9 )
where I  i s  th e  io n ic  s t r e n g th .  In  th e  p re s e n t  case the  l a t t e r  can  be
re a d i ly  shown to  be g iven  by
f  1
I  = i V b  + h + [OH ] + [B 1 + [L  ] + q^
and hence in  vie?/ o f e q u a tio n  (3*32)
I  = b + h . . .  (3*40)
To c a lc u la te  th e  d i s s o c ia t io n  c o n s ta n t o f t h i s  a c id  a rough v a lu e , 
correspond ing  to  each ex p erim en ta l p o in t ,  f o r  f-^ was f i r s t  c a lc u la te d  from 
eq u a tio n  (3 .3 9 )  u s in g  I  = b , an d  hence an approxim ate v a lu e  h^ f o r  th e  
hydrogen io n  c o n c e n tra tio n  was o b ta in ed  by means o f  e q u a tio n  (3*38). These 
rough v a lu e s  were th en  used  to  compute an approxim ate va lue  f o r  th e  term  
c(D -  Dq)/(D ^  -  Dq ) by ap p ly in g  th e  method o f  l e a s t  sq uares to  eq u atio n  (3.4-)* 
Next, v a lu e s  f o r  Q(h^) and Q(h-^) were c a lc u la te d  by means o f  e q u a tio n s  (3*36) 
aru  ^ (3 .3 7 ) and hence, u s in g  eq u a tio n  (3*35)> a b e t t e r  v a lu e , h^, f o r  the  
hydrogen io n  c o n c e n tra tio n  was o b ta in e d . T h is  i t e r a t i v e  p rocedure  was r e ­
peated  u n t i l  v a lu e s  f o r  K from  two su cc e ss iv e  c y c le s  ag reed  to  w ith in  0 .0 1 ^ .Q»
(
The p r e c is io n  o f th e  ex p erim en ta l d a ta  was e s tim a te d  by c a lc u la t in g
th e  s ta n d a rd  d e v ia t io n  CT ’ o f y  = l / ( D  -  D ) and hence th e  s ta n d a rd  d e v ia -y  o
tio n sC L . and CJL. o f K and D_ r e s p e c t iv e ly ,  -All th e  c a lc u la t io n s  
d e sc r ib e d  were w ere c a r r ie d  o u t on a F e r r a n t i  S i r iu s  d i g i t a l  com puter.
The flow  diagram  o f th e  autocode programme i s  shown i n  th e  appendix*
-8The r e s u l t s  o f th e se  c a lc u la t io n s ,  i n  which the  va lue  1*047x  10 
was adopted  f o r  th e  d is s o c ia t io n  c o n s ta n t  o f  b a rb ito n e  [4-6] a re  summarized 
in  Table 3*3 and i l l u s t r a t e d  i n  F ig ,3*4. I t  can be seen th a t  th e re  i s  a 
good agreem ent betw een the  p re s e n t v a lu e  f o r  the  d is s o c ia t io n  c o n s ta n t o f 
p a ra -a c e ty l  pheno l and t h a t  re p o r te d  by p rev io u s  w orkers [ 54] • S ince th e  
s tan d a rd  d e v ia t io n  o f  b o th  K& and i s  l e s s  th a n  th e  p re c is io n  a t t a in e d  
in  t h i s  work must be re g a rd ed  as s a t i s f a c to r y .
-5 8 -
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S E C T I O N  IV
THE SFECTROPHOTOMETRIC DETERMINATION OF THE 
STABILITY CONSTANTS OF COMPLEXES OF THE FERRIC ION 
WITH MONODENTATE PHENOLS
—61—
INTRODUCTION
In  view o f th e  s tro n g  c o lo u ra t io n  o f the  complexes s tu d ie d  in  the 
p re s e n t work, a sp ec tro p h o to m etric  method appeared  most s u i ta b le  f o r  th e  
d e te rm in a tio n  o f t h e i r  s t a b i l i t y  c o n s ta n t ,
A lthough th e  f e r r i c  io n  form s com plexes w ith  m onodentate phenols 
in  the  same s to ic h io m e tr ic  r a t i o  ( l  i l )  a s  w ith  th e  b id e n ta te  s a l i c y l i c  
a c id s , th e  form er a re  much l e s s  s ta b le  th an  th e  l a t t e r .  As a r e s u l t  th e  
c o n c e n tra tio n  o f th e  m onodentate com plexes and co n seq u en tly  th e  o p t i c a l  
d e n s ity  o f  t h e i r  s o lu t io r s  a re  c o n s id e ra b ly  sm alle r th an  those  o f th e  f e r r i c  
s a l i c y l a t e s  [33*35] under th e  same c o n d itio n s  o f pH, io n ic  s t r e n g th ,  and 
t o t a l  f e r r i c  io n  c o n c e n tra tio n . F or t h i s  re a so n  n e i th e r  th e  method o f 
co n tinuous v a r ia t io n s  nor th e  method based  on the  co n tin u o u s  v a r ia t io n  
p ro ced u re , d ev ised  by E rn s t  and Menashi [33] w ell s u i te d  f o r  th e  p re s e n t  
c a se . To overcome th is  d i f f i c u l t y  as^large excess o f  phenol as p o s s ib le  
was added to  f e r r i c  p e rc h lo ra te  s o lu t io n s .  'Where th e  l im i te d  s o lu b i l i t y  
o f a p a r t i c u la r  pheno l ru le d  o u t th e  use of a la rg e  ex cess , c e l l s  o f lo n g e r 
p a th  le n g th  were employed.
A nother d i f f i c u l t y  t h a t  was en co u n te red  in  the  d e te rm in a tio n  o f  th e  
s t a b i l i t y  c o n s ta n ts  o f th e se  complexes i s  th e  photochem ical i n s t a b i l i t y  [35]* 
which v a r ie s  from  complex to  complex depending upon the  s u b s t i tu e n t ,  and 
whioh causes th e  o p t ic a l  d e n s i ty  o f t h e i r  s o lu t io n s  to  va ry  w ith  time*
This photochem ical decom position  in v o lv e s  th e  re d u c tio n  o f th e  f e r r i c  io n  
le ad in g  to  o x id a tio n  and most l i k e ly  to  p o ly m e risa tio n  o f th e  pheno l [63]*
(
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In  th e  co u rse  of t h i s  p ro c e ss  th e  o r ig in a l  c o lo u r  o f  th e  complex g ra d u a lly  
fad es  o u t and a brow nish p r e c ip i t a t e  o c c u rs . The r a t e  a t  which t h i s  de­
com position  o ccu rs, depends upon th e  n a tu re  o f the  s u b s t i tu e n t ,  f o r  in s ta n c e  
those  complexes which have an e le c tro n  w ithdraw ing s u b s t i tu e n t ,  e .g .  -CKO, 
-NO^, e t c .  a re  p h o to chem ica lly  s ta b le  b u t th o se  w ith  e le c t ro n  donating  
s u b s t i tu e n ts ,  e .g .  -CH^, CH^O-, e t c .  decompose r a p id ly .  Thus th e  complexes 
formed betw een th e  f e r r i c  io n  and the  o rth o -m e th y l, ortho-m ethoxy and p a ra — 
methoxy s u b s t i tu te d  p h en o ls  decompose so r a p id ly  th a t  o u r a ttem p ts  to  
measure t h e i r  s t a b i l i t y  c o n s ta n ts  f a i l e d .  On the o th e r  hand complexes 
which have a s u b s t i tu e n t  p o sse ss in g  mixed 7F-donor and C T -acceptor p ro p e r t ie s ,  
e .g .  th e  h a lo g en s, have a r a t e  o f  decom position  in te rm e d ia te  betvreen th e  two 
cases  above and the s t a b i l i t y  c o n s ta n ts  can be m easured s a t i s f a c to r i ly *
The a c tu a l  mechanism o f t h i s  p ro cess  i s  n o t y e t  known and cou ld  be made the  
su b je c t of a s p e c ia l  s tu d y . To a llo w  f o r  th e  v a r ia t io n  o f  th e  o p t ic a l  
d e n s ity  w ith  tim e th e  te ch n iq u e  d ev ised  by M ilburn [35] was employed; t h i s  
has been d e sc r ib e d  in  S e c tio n  I I .
As a lre a d y  m entioned, in  some c a s e s , th e  a d d itio n  o f a la rg e  excess  
of a g iven  phen o l to  a s o lu t io n  o f  f e r r i c  p e rb h lo ra te  was n o t p o s s ib le  
because o f i t s  l im i t e d  s o lu b i l i ty *  For t h i s  re a so n  M ilb u rn 's  method [ 35 ] ,  
f o r  th e  d e te rm in a tio n  o f th e  s t a b i l i t y  c o n s ta n ts  o f th e se  com plexes, i t  n o t 
g e n e ra lly  a p p lic a b le  in  th e  p re s e n t  case as i t  i s  based  upon th e  assum ption 
th a t  th e  c o n c e n tra tio n  o f th e  complex i s  sm all compared v /ith  th e  t o t a l  con­
c e n tr a t io n  o f  th e  l ig a n d . To overcome t h i s  d i f f i c u l t y  a s p e c ia l  method has
(
-63-
evolved , th e  t h e o r e t i c a l  b a s is  o f which i s  ex p la in ed  below .
THEORETICAL
At th e  t o t a l  c o n c e n tra tio n  o f f e r r i c  io n  and in  the  pH range (2 to  
2 .8 )  employed in  th e  p re s e n t work, th e  c o n c e n tra tio n s  o f Fe(OH)^ [ 66, 67] 
and th e  dim er Fe^CCH^^* [ 66, 67, 68, 69] a re  n e g l ig ib le .  However, under th e  
same ex p erim en ta l c o n d itio n s  th e  e x te n t o f th e  f i r s t  s tag e  o f  h y d ro ly s is  
o f th e  f e r r i c  io n  i s  q u ite  a p p re c ia b le  [ 68, 69, 70] ;  hence th e  sp e c ie s  
Ee(0H)^+ must be allow ed  f o r .  S ince the  ex p e rim en ta l s o lu tio n s  co n ta in ed  
th e  CIO^ io n  i t  i s  im p o rtan t to  c o n s id e r th e  e x te n t to  which t h i s  io n  com­
p le x es  w ith  th e  f e r r i c  io n . S u tto n  [71] has m easured th e  a b so rp tio n
s p e c tra  o f  f e r r i c  p e rc h lo ra te  in  1 -  7M p e rc h lo r ic  a c id  and r e p o r te d  th e
2+e x is te n c e  o f th e  complex io n  EeClO^ , w ith  an  a s s o c ia t io n  c o n s ta n t o f 
0.475 ~ 0.075# Sykes [7 2 ,7 3 ] from  an a n a ly s is  o f th e  ex p e rim en ta l d a ta  
of O lsen and Simonson [74] on th e  h y d ro ly s is  o f Ee(C10^)^ e s tim a te d  th e  
c o n s ta n t a t  7 to  14.9* A lthough o th e r  w orkers [ 75,76,77*78] w ere unab le  to  
f in d  a ry  ex p erim en ta l in d ic a t io n  of t h i s  io n  p a i r  th e  work o f Sykes appeared 
to  p rov ide  s tro n g  evidence f o r  i t s  e x is te n c e . R ecen tly  Menashi [79 ] r e ­
in v e s t ig a te d  th e  p o s s ib le  e x is te n c e  o f t h i s  sp e c ie s  b u t u n fo r tu n a te ly  found
2+no co n c lu s iv e  ev idence of th e  fo rm a tio n  of th e  FeClO^ io n .  Because o f 
th e  g re a t  u n c e r ta in ty  re g a rd in g  th e  value  o f  th e  a s s o c ia t io n  c o n s ta n t  o f 
t h i s  e n t i t y  i t  was dec id ed  to  d is re g a rd  i t  a l to g e th e r .
We have th e re fo re  to  c o n s id e r th e  fo llo w in g  e q u i l i b r i a .  The
(
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fo rm ation  o f  th e  complex
Fe3+ + L~ = *  FeL2+, 
th e  h y d ro ly s is  o f th e  f e r r i c  io n ,
Fe3+ + H20 FeOH2* + H+
and th e  d is s o c ia t io n  o f th e  p h eno l, HL,
HL 5r=± H+ 4- L~
The re s p e c tiv e  e q u ilib r iu m  c o n s ta n ts  a re  d e fin ed  by th e  e x p re ss io n s ,
K = [ F e L ^ f ^ F e ^ f L " ] ^ ,  . . .  (4 .1 )
= b[FeOH2+] f 1f 2/ tF e 3+] f 3 . . .  (4 .2 )
K = h[ L~]f?/tH L] . . .  (4 .3 )
9# JL
where h  » [ B ] and f ^ ,  f^  and f^  a re  th e  a c t i v i t y  c o e f f ic ie n ts  o f th e  s in g ly ,
doubly and t r i p l y  charged  sp ec ie s  re sp e c tiv e ly *
L et T^ . and T^ be  th e  t o t a l  c o n c e n tra tio n  o f f e r r i c  p e rc h lo ra te  and
2+phenol r e s p e c t iv e ly ,  and C be the  c o n c e n tra tio n  o f the complex FeL , th e n
Tm = [ Fe3+] + [FeOH2+]+  C . . .  (4 .4 )
T^ sr [L  ] + [ HL] + C •• •  (4*5)
Whence by making use o f  (4*2 ), (4*3)> (4*4) and (4*3) we o b ta in
[F e 3+] = -  C ) / ( i y 3 + h f 1f 2 ) . . .  (4 .6 )
[ FeOH2+] = -  C )/(K hf J  + h f ^ )  . . .  (4 .7 )
[ L l  = Ka (TL -  C )/(K a  + h f  2 ) . . .  (4 .8 )
[HL] = hf^(T L -  C)/(Ka + W^) . . .  (4.9)
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Sub s t i t u t i n g  f o r  [F e^+] and [ L ] in  ( 4 , l )  from (if. 6) and (4*8) we 
have f i r s t
C = vK (TM -  C)(TL -  C) . . .  (4 .10 )
and hence
Tj/C = [ 1  + Ky (Tl  -  C )]/K v  (T^ -  C)
= 1 /t  v  -  C)K] + 1  . . .  (4 .1 1 )
The q u a n tity  v  i n  equations (4 .1 0 ) and (4 .1 1 ) i s  d e fin e d  by
v = Kah f ^ f i / ( l ^ f }  + h f1f 2 )(Xa + h f* ) . . .  (4 .1 2 )
2In  th e  pH range employed (2 -3 ) i n  th e  p re s e n t work h fn 3$> K andx a
hence
v = Kaf 3/ ( K j f 3 + h fz f z ) . . . ( 4 . 1 3 )
L e t D be th e  o p t i c a l  d e n s ity  o f a  m ix tu re , th e n , from  the  Lambert—
Beer Law, f o r  c e l l s  o f 1 cm, p a th  le n g th  we have
D /l = £ Je [F e3+] + C Fe0Ip e 0 H 2+] + ^ 0 +  £  .C
. . .  (4 .1 4 )
whereC i s  th e  m olar e x t in c t io n  c o e f f ic ie n t  o f th e  complex and t  w ith  th e  
a p p ro p ria te  s u b s c r ip t  i s  th e  m olar e x t in c t io n  c o e f f ic ie n t  o f  th e  re s p e c tiv e  
sp e c ie s .
S u b s t i tu t in g  f o r  [F e  ] ,  [FeOH^**], [ HL] and [ L ] in to  (4-. 14-) from  
eq u atio n s  (4 * 6 ), (4*7)* (4 * 8 ), (4*9) r e s p e c t iv e ly  i t  fo llo w s  th a t
c Feh f l f 2 *  njh ^ ^ FeOH
’ f1 2
(Tt-C ) + h .C
l ^
)
. . .  (4.15)
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DA = Tnr  + Tl t '  + c (£  -  y  -  y ' )  . . .  (4 .1 6 )
w here, y  = + h f1f 2 ) • • •
y* = (ELKa + C ^ h f ^ ) / ^  + h f* )  . . . ( 4 . 1 8 )
In  th e  d e te rm in a tio n  o f th e  s t a b i l i t y  c o n s ta n ts  o p t ic a l  d e n s ity
measurements were c a r r ie d  o u t a t  a  w avelength a t  which th e  sp e c ie s  HL, L , 
Fe^ **" and FeOH2+ do n o t ab so rb . Under th ese  c o n d itio n s  y  = Y* = 0 so th a t  
eq uation  (4 .1 6 )  s im p l i f ie s  to
D /l = £  .C (4 .1 9 )
whence C = D /d .l  (4 .2 0 )
S u b s t i tu t in g  f o r  C from  (4 .2 0 )  in to  e q u a tio n  ( 4 .1 l )  th e  fo llo w in g  e x p re ss io n  
i s  o b ta in e d ,
T^/D = 1 /C K  1 [T l  -  (Dyfcl)] v + l / £ l  (4 .2 1 )
E quation  (4 .2 1 ) p r e d ic ts  th a t  i f  i s  p lo t te d  ag a irs  t
l / v  [ -  ( D / t l ) ]  a  s t r a ig h t  l i n e  should  be o b ta in e d , th e  s lo p e  and i n t e r ­
cep t o f  which can be used  to  c a lc u la te  K an d p  • I t  i s  w orthw hile  to  n o te  
th a t  in  c o n tr a s t  to  M ilburn*s method [ 3 5 ] ,  th e  p rocedure  b ased  upon e q u a tio n  
( 4 .2 l )  a llo w s f o r  th e  v a r i a t io n  o f b o th  and T^*
RESULTS MD  DISCUSSION
In  th e  d e te rm in a tio n  o f th e  s t a b i l i t y  c o n s ta n t f ix e d  amounts o f a 
stock  s o lu tio n  o f th e  r e s p e c tiv e  pheno l were mixed w ith  v a ry in g  amounts o f  
s tan d a rd  s o lu t io n s  o f  f e r r i c  p e rc h lo ra te ,  p e rc h lo r ic  a c id  and sodium
(
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p e rc h lo ra te ;  f i n a l l y  th e  r e q u i s i t e  amounts o f w ater needed so a s  to  main­
ta in  b o th  th e  io n ic  s tre n g th  and  t o t a l  c o n c e n tra tio n  o f th e  phenol c o n s ta n t 
th ro u g h o u t. The io n ic  s tr e n g th  was m ain ta in ed  a t a value o f 0 .0 5 . The 
o p t ic a l  d e n s i t i e s  were m easured a t  the  w avelength o f maximum a b so rp tio n  
of th e  r e s p e c t iv e  complex.
The hyd rogen-ion  c o n c e n tra tio n  o f the  ex p erim en ta l s o lu t io n s  were 
c a lc u la te d  by su cc e ss iv e  approxim ations making use o f  th e  e l e c t r o n e u t r a l i ty  
p r in c ip le .  S ince i n  the  p re s e n t case  th e  hydroxy 1 - io n  c o n c e n tra tio n  and 
the  p h en o la te  an ion  c o n c e n tra tio n  a re  n e g l ig ib le  th e  e l e c t r o n e u t r a l i ty  
p r in c ip a l  assumes h e re  th e  form
h  + [Na+] + 3[Fe3+] + 2[FeOH2+] + 2C « . [ CIO^*] . . .  (4 .22}
where [ Na ] i s  th e  c o n c e n tra tio n  o f sodium p e rc h lo ra te  added. In  view
of e q u a tio n  (4*4) e q u a tio n  (4 .2 2 ) s im p l i f ie s  to
h  + [Na+1 + 2Tm + [F e 3+] = [C lO j") . . .  (4 .2 3 )
L et q be th e  s to ic h io m e tr ic  c o n c e n tra tio n  o f p e rc h lo r ic  a c id  added
then
[ CIO “ ] = 3Tm + <1 + [ Na+] . . .  (4 .2 4 )
and hence -
h  + [ Fe ] ~ T + 9. • * • ( 4 . 2 5 )
S u b s t i tu t in g  f o r  [F e^+] from  eq u a tio n  (4 .6 )  and a f t e r  rearrangem en t 
i t  fo llo w s  th a t
h  = [ K j f j d j j  -  C )/(K ^f3 + M ^ ) ]  + C + q . . .  (4 .2 6 )
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ahd hence by combining ( 4*13) w ith  (4 . 26) we o b ta in
h » [K^v (Tm -  C ) /& a] + C + q . . .  (4 .2 7 )
S u b s t i tu t in g  f o r  (T^ -  C) in to  (4 .2 7 ) from eq u a tio n  (4 .1 0 ) th en  th e  
hydrogen-ion  c o n c e n tra tio n  i s  g iven  by
h  = C [ 1  + Kj/iycCTj. -  c ) 3  + 5  ••* ( ^ 2 8 )
The a c t i v i t y  c o e f f ic ie n ts  were e s tim a te d  by means o f th e  D avies 
E quation  [ 63] g iven  by e q u a tio n  (3• 39) • The io n ic  s t r e n g th  o f th e  e x p e r i­
m ental s o lu tio n s  i s  g iv en  by
[Na+] + [C IO ^ ] + h + 9[Fe3+] + 4[FeOH2+] + 4 c |  . . .  (4 .2 9 )
which by  means o f e q u a tio n s  (4 . 4 ) and (4 . 24) can be re a r ra n g e d  to
I  = [Na+] + 3q + -  2b . . .  (4 .3 0 )
For th e  purpose o f e v a lu a tin g  the  q u a n t i t i e s  K an d C  th e  hydrogen-ion  
c o n c e n tra tio n  was f i r s t  p u t eq u a l to  the  c o n c e n tra tio n  o f  p e rc h lo r ic  a c id  
added and C (= D /d l) n e g le c te d  w ith  r e s p e c t  to  T^# Then by a p p l ic a t io n  o f 
th e  method o f l e a s t  squares to  eq u a tio n  (4 . 2l )  rough v a lu es  o f K and £  
were o b ta in e d . An approxim ate v a lu e  o f C (= D /£ l) co u ld  th e n  be c a lc u la te d  
from e q u a tio n  ( 4 *20) and a more accu ra te  v a lu e  o f  h , and hence th e  term  
1/v (Tl  -  C ) ,  co u ld  be c a lc u la te d  from  eq u a tio n  (4 .2 8 ) .  T h is  p rocedure  
was re p e a te d  u n t i l  v a lu es  o f K and £  from  two su cce ss iv e  c y c le s  ag reed  
to  w ith in  0 .0 1 $ . The p r e c is io n  o f th e  exp erim en ta l d a ta  was e s tim a te d  
by e v a lu a tin g  th e  s tan d a rd  d e v ia t io n  U o f  y  =■ T^/D and hence th e  s ta n d a rd
d e v ia t io n s  O — and G,~ o f K and t  r e s p e c t iv e ly .  In  th e se  c a lc u la t io n s
c
"*3the  va lue  o f was tak en  to  be 6 .7  x  10 [68]# For th e  d is s o c ia t io n
c o n s ta n t o f  the  r e s p e c t iv e  pheno ls th e  v a lu e s  shown in  Table 3*1 were used# 
The r e s u l t s  o b ta in e d  f o r  th e  s t a b i l i t y  c o n s ta n ts  and m olar ex­
t in c t io n  c o e f f i c i e n t s  o f th e  f i f t e e n  f e r r i c  p h en o la te  complexes s tu d ie s  
a re  g iven  i n  T ab les 4 .1  to  4 .15* and i l l u t r a t e d  in  F ig s .  4 .1  to  4 .1 5 .
The o p t ic a l  d e n s ity  d a ta  re p o r te d  re p re s e n t  th e  average v a lu es  r e s u l t i n g  
from two s e r ie s  o f m easurem ents perform ed on d u p lic a te  s o lu t io n s .  F or 
t h i s  reaso n  th e y  a re  expressed  to  fo u r  decim al p la c e s  a lth o u g h  o n ly  th e  
f i r s t  th r e e  d i g i t s  a re  s ig n i f i c a n t .  I t  can be seen  from  th e  ta b le s  t h a t  
th e  m agnitude o f th e  s ta n d a rd  d e v ia tio n  o f K and 'a depends on th e  photo­
chem ical s t a b i l i t y  o f  th e  complexes and v a r ie s  from  about 2fo f o r  th e  s ta b le  
complexes to  about 10^ f o r  th e  pho tochem ica lly  u n s ta b le  ones. The p re ­
c is io n  a t t a in e d  in  th e  p re s e n t  work compares fav o u rab ly  w ith  th a t  o b ta in e d  
by M ilburn [35] ( s ta n d a rd  d e v ia t io n  o f 5 to  11%) and in  view o f  th e  e x p e r i­
m ental d i f f i c u l t i e s  may be re g a rd e d  as s a t i s f a c to r y #
A ll th e  n ecessa ry  c a lc u la t io n s  were c a r r ie d  o u t on a F e r r a n t i  S i r iu s  
com puter. The flo w  diagram  fo r  th e  autocode programme i s  g iven  i n  the  
appendix*
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S E C T I O N  V
THE EBTERMINATION OF THE ABSORPTION SPECTRA 
OF THE COMPLEXES
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As a lre a d y  m entioned th e  complexes s tu d ie d  in  t h i s  p re s e n t work 
asif therm odynam ically  r e l a t i v e l y  u n s ta b le ; a co n s id e ra b le  ex cess  of 
pheno l i s  th e re fo re  re q u ire d  to  o b ta in  them a t s u f f i c i e n t ly  h igh  concen­
t r a t i o n  in  th e  s o lu t io n . As th e  phenols absorb very  s tro n g ly  in  the  
u l t r a - v i o l e t  re g io n , p a r t i c u l a r l y  a t  such h ig h  c o n c e n tra tio n s , th e  measure­
ment o f the a b so rp tio n  s p e c tra  o f th e se  com plexes was r e s t r i c t e d  to  the 
w avelength  range 400-1000 mp.
S ince th e  e x t in c t io n  c o e f f ic ie n t s  o f th e  complexes cannot be 
m easured d i r e c t ly  th e  fo llo w in g  p rocedure  was ad o p ted . The o p t i c a l  
d e n s i ty  o f a s o lu t io n  of a complex i s  g iven  by e q u a tio n  ( 4 , 14) (see  
S e c tio n  IV, p . 63- 64)
D /l = Tmv + Tj Y* + Y “ Y*) *•* (4 .1 4 )
where th e  symbols have been p re v io u s ly  d e fin e d  (se e  p . 64 ) .  The term  y>
3+ 2+which depends upon th e  a b so rp tio n  o f th e  sp e c ie s  Fe and FeOH , i s  sm all 
compared w ith  th e  a b so rp tio n  o f th e  r e s p e c tiv e  complex over th e  w avelength 
range employed. P u tt in g  y = 0 i n  e q u a tio n  (4 ,1 4 ) i t  fo llo w s th e re fo re  
th a t
D /l = C . t  + y '(T l  -C) . . .  (5 .1 )
and hence
ii = (d /c . i )  -  ( t l  -  8 ) r ' / c  . . .  (5 .2 )
The q u a n t i ty  y ' (which i s  a fu n c tio n  o f '—^  and — ^ - )  i s  a c c e s s ib le  
to  d i r e c t  measurement and can be determ ined  by m easuring the  o p t ic a l
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d e n s ity  o f a s o lu t io n  o f a  g iven  pheno l, having th e  same pH and io n ic  
s t r e n g th  as a  s o lu t io n  o f th e  r e s p e c tiv e  complex. The v a lu e  o f y* has been 
found to be n e g l ig ib le  over th e  whole w av elen g th  range employed h e re ; i t  
assumes s ig n i f ic a n t  v a lu e s  over a l im i te d  p a r t  o f th e  w avelength range 
(400-500 mfi) o n ly  in  the case  o f m e ta -ac e ty lp h e n o l, and p a ra -  and meta— 
n itro p h e n o ls .
I t  can be seen from  eq u atio n  (5*2) th a t  th e  c a lc u la t io n  of Cl over 
th e  whole w avelength  range re q u ire s  a  knowledge of th e  c o n c e n tra tio n  of 
th e  complex 0 # To determ ine t h i s  q u a n tity  f o r  a s o lu t io n  o f  a  g iv en  
complex use was made o f th e  known va lue  o f the  e x t in c t io n  c o e f f ic ie n t  
f c /x ’)] "the complex m easured a t  th e  same w aveleng th  (X1) as i t s  s t a b i l i t y  
c o n s ta n t .  S ince none o f th e  phenols s tu d ie d  i n  the  p re s e n t work absorb 
a t  t h i s  w avelength  (X! ) ,  y 1 i s  zero  a t  X1, so t h a t  eq u atio n  (5 .1 )  s im p lif ie s  
to
D /l = E ( X ‘ ) C . . .  (5 .3 )
where >^(xf ) i s  th e  e x t in c t io n  c o e f f ic ie n t  o f th e  complex m easured a t  a  
w avelength  X*• T h ere fo re  from  a knovrledge o f th e  o p t ic a l  d e n s ity  D, a t  
a w avelength  X*, o f th e  s o lu t io n  o f a  g iven  complex, th e  c o n c e n tra tio n  of 
th e  complex may be c a lc u la te d  from  (5 * 3 ).
S ince in  th e  p re s e n t  work th e  s t a b i l i t y  c o n s ta n ts  o f th e  complexes 
have been  determ ined  by m easuring th e  o p t i c a l  d e n s i t ie s  a t  XmQx of th e  
c h a r a c t e r i s t i c  a b so rp tio n  bands o f th e  com plexes, i t  i s  c le a r  t h a t  f o r  th e se  
complexes fc(X*) i s  i d e n t i c a l  w ith f . . The l a t t e r  v a lu es  a re  g iven  i n
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T ables 4*1 to  4.15* For the complexes o f th e  f e r r i c  io n  w ith  pheno l, p a ra -  
bromo-, p a ra -m e th y l- ,p -n itro - , and m e ta -n itro  pheno ls  the  v a lu e s  f o r £ ( X f ) 
m easured by M ilburn [35] were used  (see  Table 5 . l ) .
THE EXTINCTION COEFFICIENTS OF THE FERRIC PHENOLATES
Complex r- x* !
____________________________ (m{i) I
F e r r ic  p h en o la te 1950 -  200 550 !
F e r r ic  p-brom ophenolate 320 ± 70 550
F e r r ic  p -m ethy lpheno la te 690 -  100 550 !
.
F e r r ic  p -n itro p h e n o la te 3000 ± 230 550 |
F e r r ic  m -n itro p h e n o la te 1200 -  75 550 1
I
lb determ ine th e  a b so rp tio n  curve o f th e  com plexes th e  o p t ic a l  
d e n s i ty  o f  s o lu t io n  o f th e  complexes o f  known pH and io n ic  s tr e n g th  were 
m easured over th e  r e q u i s i t e  w avelength  ran g e . In  th e  case  o f so lu tiO nS of 
th e  pho to ch em ica lly  u n s ta b le  complexes o p t ic a l  d e n s ity  m easurements ?rere 
made by means o f th e  a c c e le ra te d  te ch n iq u e  (see  S e c tio n  I I ,  P a r t  3)* The 
a b so rp tio n  s p e c tra  of a l l  th e se  com plexes, w ith  the  ex cep tio n  o f f e r r i c  
m eta-m ethoxyphenolate , have been determ ined  in  th i s  way. The l a t t e r
decomposed to o  ra p id ly  f o r  a  r e l i a b l e  d e te rm in a tio n  to  be made o f i t s  
a b so rp tio n  s p e c tra  in  t h i s  way. The r e s u l t s  o f th e se  c a lc u la t io n s  f o r  
th e  n in e te e n  complexes a re  g iven  in  Table 5 .2  to  5 .2 0 , where th e  u n d e rlin e d  
v a lu e s  o f E  a re  th o se  used  in  c a lc u la t in g  C. P ig s . 5 .1  to  5 .1 9  give 
a g ra p h ic a l r e p re s e n ta t io n  of th e  v a r ia t io n  o f 'z  w ith  \  f o r  th e se  com­
p le x e s . J u s t  as in  the  case o f the f e r r i c  s a l i c y la t e  com plexes, s tu d ie d  
by E rn s t and Menashi [ 33] 9 the  f e r r i c  p h e n o la te s  e sd iib it a c h a r a c te r i s t i c  
ab so rp tio n  band in  th e  v i s ib l e  re g io n .
VARIATION OF THE EXTINCTION COEFFICIENT OF FERRIC-  
ORTHO-FLUOROPHENOLATE WITH WAVELENGTH
0 = 2*384 x  10 ^ g . i o n / l .
40 0 1044 360 1846 740 403
410 990 1 570 1835 760 310
420 932 1 580
i
1795 780 218
430 923
I
! 590 1762 800 155
440 927 1 600 1695 850 50
450 990 1 610 1600 900 10
460 1065 ! 620
1
1493
470 1174
i
630 1388
480 1284
!
| 640 1288
490 1380 | 650 1141
.
300 1302 i 660 1057
510 1598 i 670
j
961
320 1682
(
! 680
j
864
530 1749
I
! 690 793 '
540 1804
i
j 700 701
530 I 837 ? 720 529
ABSP-sTSON SPECTRUM OF 
ERRiC ORTHO-FLUORO PHENOLATE.
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VARIATION OF THE EXTINCTION COEFFICIENT OF FERRIC 
META-FLUOROPHENPLATE WITH WAVELMOTH 
C = 2,495 x  10 ^ g . io n / l .
X - X X
i i
C
(mfi) CT (mu) c (mji) ;
400 798 360 1413 740 22*4j
UO 701 57 . 1399 760 j 180
420 673 580 1351 780 ! 124
430 650 590 1301 800 | 84
W 681 600 1215 830 ! 161
450 778 610 1130 900
1
I
460 854 620 1038
•i1
470 958 630 962
ii
j
480 1054 640 870
i
!
i
490 1122 630 734 f
500 1222 660 . 705
t
1 1]
510 1291 670 621 1
520 1347 680 373 ■
ii
!
530 1383 690 493
*
I
540 700 441 j
j i
550 1419 720 329
1
!
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F 16. 5.2. T H E  A B S O R P T I O N  S P E C T R U M  OF
FER RI C M E T A - F L U Q R O  P HENO LA TE.
1000
800
400
200
400 600 700 800
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VARIATION OF THE EXTINCTION COEFFICIENT OF FERRIC-  
PMA-NLUOROPHENQLATS WITH WAVELEN&TH 
G = 1 .956  x  10 ^ g .io n / l*
(m ji) c (mu)
r~
t ( i ) c_
400 756 560
T  | ..  ^ ! uju
1390 740 465
u o 619 570 1605 760 358
420 588 580 1610 - 780 265
430 584 590 1600 800 199
440 608 600 1564 850 76
450 685 610 1480 900 10
46 0 746 620 1401
470 854 630 1299
480 951 640 1217
490 1048 650 1120
500 1161 660 1028
510 1253 • 670 976
520 1346 680 879
.
530 1416 690 792
540 1493 700 726
550 1549 720 573
.
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FlG .5 .0  THE ABSORPTION S P E C T R U M  OF
FERRIC PARA-FLUORG PHENOLATE
1600
1200
1000
8 0 0
SCO
4 0 0
200
9007005 0 0
TABLE 5.5
VARIATION QE THE EXTINCTION COEFFICIENT OF FERRIC-  
ORTHO-CHLOROPHENQLACE WITH WAVELENGTH 
C = 3-29 x 10 ^ g . i o n / l .
X c X *— X
(mu) (mu) ■ (m}i)
400 659 360 | 975 740 237
4ao 632 470 ! 976
'
760 179
4-20 611 580 j 960 780 167
..
430 589 590 I 942
i
800 94
440 575 600 | 905 850 : 45j
450 580 610 1 860 900 20
460 589 620 i 802t i
470
-
629 630 j 744
\
i
\
480 659 640 ! 696
{
• |
490 714 650 I 626
1
I
}
500 769 660 ! 580 i<
510 820 670 535 ii
j
520 869 680 CD 1
530 902 690 j 428 |
540 929 700 ! 386
i
I
f1
550 960 720 I 298
t!
|
i
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VARIATION OF THE EXTINCTION COEFFICIENT OF FERftlC-
META-CHLOROPHENOLATE WITH WAVELENGTH 
C = 2 ,272 x  10 ^ "g .io r/l*
X r~ X L_ X
W ) c (mjj) _ (m[i)
400 577 560 1136 7hO 180
410 467 570 1122 760 123
420 467 580 1061 780 88
430 475 590 1021 800 57
440 484 600 942 830 22
450 612 610 8 65 900 18
460 678 620 788 950 4
470 779 630 709
480 858 640 636
490 920 650 577
'
500 1008 660 533
510 1056 670 458
.
520 1105 680 409
530
■
1127
•
690 352 .
m 1140 700 313
550 1153 720 229
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F I 6 . 5 . 5  THE A B S O R P T I ON  S P E C T R U M  OF
FERRIC META-CHLORO PHENOLATE.
140Q*»
I
%
s o o
40QI
200
COO 900
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VARIATION ON THE EXTINCTION COEFFICIENT OF FERRIC- 
PARA-CHLOROPHENOLATE WITH WAVELENGTH 
C = 1 .921 x  10 ^ g . i o r / l .
X
(mji)
1
C i X 
1 (mu)
c X(mji)
r~
L
400 864 560 1885 740 614
4 L0 708 m . 1900 760 489
420 656 580 1890 780 375
430 fit-5 590 1884 800 286
440 700 600 1820 850 167
450 796 610 1760 900 130
460 890 620 1690
470 1005 630 1640
p- 00 0 1130 640 1551
490 1235 650 1416
500 1400 660 1312
510 1525 670 122,4 ■
•
520 1635 680 1140 ’
330 1728'
690 1031 •
340 1791 700 921
.
550 1858 720 755
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FI6.S.8, TH'E ABSORPTION S PECTRUM OF
F E R R I C  PARA-CHLORO PHENOLATE.
2000
i a o o
1800
1400 s
1200
1000
BOO
4 0 0
200
6 0 0 600 700 SOQ 90 0
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VMIATION OF THE EXTINCTION COEFFICIENT OF FERRIC- 
PARA-BRQMOPHENPLATE WITH WAVE1ENG-TH 
& = 2 .025 x  10~^"g.ior/l*
400 810 56 0
410 716 570
420 706 580
430 690 590
440 691 ‘ 600
450 716 610
460
■
751 620
470 790 630
480
0CO 640
490 919 650
500 978 660
510 1037 670
520 1X01 680
530 1136 690
540
.
1170 700
550 1200 720
1200 740 326
1205 760 247
1185 780 133
1150 800 79
1100 850 20
1050 900
993
938
879
800
780
711
632
583
523
405
Ff 6.5.7 THE ABSORPTION SPECTRUM OF
FERRIC ORTHO-BROMO PHENOLATE.
200
1000
4-
o o
6 0 0
4 0 0
2 0 0 !
400 600 7 0 0 9 0 0600500
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VARIATION OF THE EXTINCTION COEFFICIENT OF FERRIC- 
PARA-BROMOPHMOLITE WITH WAVELENG-TH 
! C = 4*154 x  10 ^ g .io n / l*
X
(mjj.)
X
(mu)
h X(mfi)
11 — n 1 iri 11-■
400 286 360 524 740 159
410 236
' 570 527■ 760 128
420 219 380 5Z7 780 99
430 219 590 525 800 75
440 225 600 496 830 41
450 238 610 475 900 31
460 250 620 448 950 24
470 291 630 416
480 325 640 400
490 356 650 364
300 397 660 • 351
310 433 670 327
320 462 680 294
530
•
484 690 262
.
540 503 700 243 .
550 520 720 195
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FIG. 5.3. THE ABSORPTION S P ECTRUM OF
FERRIC PARA- BROMO P HE NOLAT E.
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200
100
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TABLE 5.10
VARIATION OF THE EXTINCTION COEFFICIENT OF EERRIC-
ORTHO-IODOPHENOLATB WITH WAVELENGTH 
G. = 2 ,718 x  10 ^ g . i o r / l .
X
(mu)
___
t X(m{i)
400 560 949 740 259
410 570 938 760 202
420 580 220 780 153
430 622 590 892 800 114
440 607 600 861 850 74
450 616 610 828 900
4^0 648 620 789
470 692 630 736
480 745 640 690
490 797 650 644
500 832 660 592
510 874 670 545 :I
520 907 680 504 : I1|
530 937 690 453 i1
540 948 700 ; 405
i
550 955 720 i 331
■I
.
1
1
i
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F15.5 .9 THE A B SO R PT I ON  SPECTRUM OF 
FERRIC 0 RT HO H 0 DO PHENOLATE.
700
200
9 0 05 0 0
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TABLE 5.11
VARIATION OE THE EXTINCTION COEFFICIENT OF FERRIC- 
PARA-IODOPHENOLATE WITH WAVELENGTH
C = 2,573 x 10 \ , i o n / l #
X
(mji) &
X
( m )
rb X(m \i)
>— *
400 560 420 740 128
i+10 - 2 ° 420 760 107
420 580 4L4 780 93
430 311 590 407 800 64
440 276 600 395 850 54
450 271 610 385 900
460 276 620
'
368
470 291 630 349
480 310 640 328
.
490 330 650 307
300 349 660 278
510 365 670 257
520 383 680 233
330 397 690 212
540 408 700 190
'
550 416 720 155
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FIG.5.10 T h e  a b s o r p t i o n  s p e c t r u m  o f
FERRIC PARA-IODO P H E N O L A T E .
4 5 0
4Q0
350
3 0 0
2 5 0
1 50
100
50
5 0 0 8 0 0 9 0 0
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VARIATION OF THE EXTINCTION COEFFICIENT OF FERRIC-
META-METHYLPHENOLATE WITH WAVELEN&TH 
C = 1 .4 9 6  x  l O ^ g . i o n / l .
X c X X
(mti) ( (m|i) c_ (n^) '(Z
400 882 560 1223 740 408
410 702 2 2 , 1230 760 334
420 602 580 1230 780 254
430 515 590'
1217 800 201
440 548 600 1203 850 33
450 588 610 1165 900
460
.
622 620 1123
470 715 630 1049
480 789 640 983
490 842 650 902
500 936 66 0 869
510 1003 670 829
520 1070 680 749
530 1123 690 690
540 1170 700 635 .
550 1217 720 508 ■
FIG. 5.11 T H E  A B S O R P T I O N  S P E C T R U M  OF
F E R R I C  M E T A - M E T H Y L  P H E N O L A T E .
1400
1000
@001
6 0 0
4 0 0
200
8 0 05 0 04 0 0 3 0 06 0 0 7 0 0
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VARIATION OF THE EXTINCTION COEFFICIENT OF EERRIC-
P-ARA-METHYLPHBNOME WITH WAVELENG-TH
G' = 1*696 x lQ ^ g . io n / l *
400 483 560 719 740 330
410 342
■
570 755 760 265
420 307 580 775 780 218
430 277 590 784 800 168
440 277 600 772 850 112
450 280 610 750 900 83
460 295 620 725 950 35
470 336 630 685 1000
480 360 640 650
490 401 650 605
'
500 454 660 584
■
510 501 670 537
520 560 680 512
530 596 690 472
540 649 700 442
330 620 720 366
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FIG.5.12 THE ABSORPTION S P E C T R U M OF
FERRIC PARA-METHYL P H E N O L A T E .
800
-129-
TABLE 5 .1 4
VARIATION OF THE EXTINCTION COEFFICIENT OF FERRIC -
META-ACETYLPHENOIATE Yi/ITH WAVELENGTH
C = 1 .2 0 6  x 10 ^ g . i o r / l .
X c X,
(n^) s—
400 452 560
410 311 570
420 249 580
430 244 590
440 259 600
450 294 610
460 336 620
470 377 630
480 406 640
490 445 650
500 474 660
310 497 670
520 516 680
530 520
'
690
540 524 700
55 0 520 720
CT X
(m|i) £
510 740 97
488 760 53
462 780 37
439 800 25
412 850 15
383 900 4
352 950 2
325
295
264
234
.
213
184
164
141
106 ‘ .
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F IG. 5.13 THE ABSORPTION SPECTRUM OF
f e b r i c m e t a  a c e t y l  p h e n o l a t e .
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VMIATION OF THE EXTINCTION COEFFICIENT OF EBBRIC
PARA-ACETYLPHENOLATE WITH WAVELENGTH
C = 6 .305 x 10 ^ g .io n / l»
X X X
T
P
(mji) (mji)
v_ f
(m{-0
f
400 87 6 560
i
674 j 740 87
410 531 570 650 11
760 63
420 389 580 615 ! 780 40
430 349 590
i
579 !j
800 28
440 361 600 353 |*
850 12
450 389 610 496 1i
900 8
460 432 620 448 |
!
950
■
470 484 630 412 i
480 543 640 369 |
490 591 650 329 1
500 638 660 289 |
)
510 670 670 254 si
520 682 680 226 !i
520 690 690
1
194 I
540 694 700 167
550 686 720 123 i
1 '
-132- ‘
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FIG.S.14  T H E  ABSORPTION SPECTRUM OF
FERRIC PARA-ACETYL PHENOLATE.
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200 .
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TABLE 5.16
VARIATION OF THE EXTINCTION COEFFICIENT OF FERRIC
META-FOEMYL PHENOL ATE WITH WAVELENGTH
C = 1 .137  x  l O ^ g . i o n / l .
| \ ; j
x  f  l  x  i  c  i  x  \
(m(i) i (m \i) | j (mji) j
i I I I
400 534 560 ! 576; 740;
70
u o 400 570 549; 760 51
420 338 580 | 523 780 33
430 319 590
i
i 4-90 800 20
440 332
.
600 ; 459 850 7
430 367 610 422: 900 2
460 404 620 385
470 453 630 i  349!
480 486 640 | 314
490 525 650 j 275
500 558 660 | 244
■
510 580 670 i 2131
520 598 680 1 186j •
330 600 690 1 1601
•
340 600 700 ! 1 h i •
550 589 720 1 103
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FIG. 5.15 THE A B S O R P T I O N  S P E C T R U M  OF
F E RRI C META- FORMYL PHE NOLATE
700^
5 0 0 [
£
100
7 0 0 8 00 9 0 0
VARIATION OF THE EXTINCTION COEFFICIENT OF FERRIC-
PARA-FORMYL PHENOLATE WITH WAVELENGTH
C.. = 2.828 x lO '^ g .ion /l*
! % 
(mu)
i
1 pj L_
1it . . . .
! *
;
ir
j 400
iI
j 231i 560
2+10 ! 142 570
420 !  99
|
580\
430 | 86 590
440 1 87j
600
i
430 ! 95 | 610i
460 | 106 j 620
470 j 117
i
! 630
2+80 j 128 ! 640
490 i 141[ i 630
500 j 131I |  660
510 158
i
; 670
520
1
| 162 680
330 1 690
340 ; 1631
700
350
1
1 160 j 725
* -
j (mfJt)
156 j 750 ! 12
130 j 775 11
141 ■\ 800 7
132 j 830
i
4
123 :1
1
900
: 3
112 i
j
<:
102
92
i
I
82 i
73
64 \
:
57 : ;
3° j ■
45
37
25
*
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FIG 5 1 6  THE ABSORPTI ON S P E C T R U M  OF
F E R R I C  PA RA - F ORMYL  P H E N O L A T E
TOO
7 0 0 00
■st-
C ontinued on page 139.
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TABLE 5 .18
VARIATION OF THE EXTINCTION COEFFICIENT OF FERRIC-
META-NITROPHENPLATE WITH WAVELENGTH
C- = 1 .730  x l O ^ g . i o n / l .
X ; r* X
(mji) \ (mi/
400
•'
560
410 ; 721 370
420 : 796 380
430 1 841 390
440 ’ 894;
600
430 : 984i
610
460
! 1064 620
470 i 1138 630
480 ! 1218
!
640
490
*
| 1280 630
300 ! 1309 660
310 1 1332 670
520 ! 1320 680
530 1 1292 690
540 1 1263
1
700
530 I 1200 720
c~ X "  i
\ (mM-) c  !
1131 ; 740 40
1034 j 760 17 I
943 j 780 6
869 ; 800 ■“
749 j 830
726 1
f
900
600 !
i
1
503 i!
446 j
i
373 |
j
314 | .
265 ij
229 ii
175 !! •|
140 j
. .
91 !
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FIG.5.17 THE ABSORPT I ON SPECTRUM OF
FERRJC M E T A - N I T R O  PHENOLATE
1000
GOO
0 07 0 0
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VARIATION OF THE EXTINCTION COEFFICIENT OF FERRIC-
PARA-NITROPHENOLATE WITH WAVELENG-TH
C = 1 .117 x  lQ ~ ^ g .io r / l .
(m|a)
560 2847400 125
2605 760410 570
3862 580 780420
800430 3220 2077
2659 600 1853 850
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TABLE 5.20
VARIATION OF THE EXTINCTION COEFFICIENT OF FERRIC-
PHENOLATE WITH WAVELENGTH
G* = 4*615 x 10 ^ g .io n /l.
X
(mu) £
X
( m ) t
X
(mu)
; ' ! 
C 2  j
!
400 560 1952 740
!
477 |
410 570 1941 760 368
420
■
580 1905
0COr*- 269 j
430 932 590 1842 800 195
440
■
927 600 1772 850 121
450 975 610 1690 900
460 1066 620 1603
i
470 1192 630 1495
\
480 1322 640 1391 .
490 1452 650 1291
500 1571 66 0 1174
510 1686 670 1083
520 1779 680 995 .i
1
530 1863 690 888
340 1920 700 789
'•
550 1950 720 611
556 1954
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To in v e s t ig a te  th e  e f f e c t  o f s u b s t i tu e n ts  on th e  i n t e n s i ty  
o f th e  c h a r a c te r i s t i c  bands o f th e  com plexes, th e  o s c i l l a t o r  s tre n g th s  
P o f th e se  bands have been c a lc u la te d  by means of th e  fo rm ula [ 80]
P = 9 .2  X i o " 9 6 . C max . . .  (5 .4 )
where §(cm. *^) i s  the h a lf -w id th  o f  th e  band in  wave numbers and c o r re s —
ponds to  = C ma/ 2 .
The r e s u l t s  o f  th e se  c a lc u la t io n s  a re  g iven  in  Table 5*21
to g e th e r  w ith  th e  re s p e c t iv e  v a lu es  o f  \  a n d C  . I t  can be seenmax max
th a t  th e  v a lu e s  f o r  6 and P of th ese  com plexes va ry  from  0 .7  to  
5 - i
1*2 x  10 cm* and from 0 .1  to  3 .4  r e s p e c t iv e ly .  As th e  v a lu e s  a re  
d is p ro p o r t io n a te ly  h ig h e r  th an  th o se  quoted by Menashi [79] f o r  th e  
f e r r i c  s a l i c y l a t e  b o th  6 and P f o r  th e  l a t t e r  complexes have been r e ­
c a lc u la te d  u sin g  th e  ex p erim en ta l d a ta  o f  t h i s  work. These r e s u l t s ,  w hich 
a re  a lso  g iven  i n  Table 5*21, show th a t  M enashi! s v a lu e s  a re  i n  e r r o r  
and th a t  th e  v a lu e s  o f 6 and P f o r  th e  f e r r i c  s a l i c y l a t e s  a re , in  f a c t ,  
o f th e  same o rd e r o f  m agnitude as th o se  f o r  th e  com plexes s tu d ie d  in  th e  
p re s e n t  work.
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THE CHARACTERISTIC PROPERTIES OF THE ABSORPTION SPECTRA 
OF THE FERRIC COMPLEXES
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Complex i
i
i»
6 x l0 ~ ' 
(cm. 1 )
' P
i
£ max Xmax
(mu)
O r 1 r y: 11
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TABLE 5 .21  (C o n td .)
i : 
Complex i
I i
& x l0 “5 
(cm.
P ^m ax j
i
X 1 ( 7  m ax;
(mp) j i *
c r R
2+ !| p -C H ^ff^O Fe j 0 .833 0.601 784 ; 590 -0 .1 5 -0 .0 5 -0 .1 0
; p -F C ^ O F e 2* j 0.926 0.937 1610 !i 580 +0.17 +0.52 -0 .3 5
j p-CIC gH^0Fe2+ \ 0.769 0.710 1900 | 570 +0.27 +0.47 -0 .2 0
p-BrCoH, QE*e2+ !4  j
0.833 0 .404 527 | 570 +0 . 2 6 ! +0.451 -0 .1 9
p-ICgB^OFe2* j 0.806 0.313
i
421 ]I
566 +0.27 +0.39 -0 .1 2
CgHyOFe2* : 0 .877 1 .58 1954 |i
556 0.00 0.00 0.00
p-CH^C CC ^ H^OFe 2+ ; 0.94-3 0.602 694 ji
540 +0.87 +0.28 -
p-C HOC ^ H^OFe 2+ j 0.906 0.137 164 Ii | 534 +1* 06 “
-
p-N O ^H ^O Fe2* j 1 .16 3 .37 3366 j
|
520 +1.27 0.63
|
i
H-SalFe+ i 0*952 1 .4 8 1619 li
530 —
1
j
5-CH^SalFe+ j 0.855 1 .2 7
*
1610 j 552 -
1
^ i
5-C1 SalFe* 0.952 1 .6 l 1838 !f 539
i
—1
1
5-B r SalFe* 0.877 i 1*54i
1914 |
I
539 1 I
1J
— ii
5-N02SalFe+ 1 .3 9 2 .89 2255 j 499
1
j
f— j
3~N'02SalFe+ 1 .7 7 1 .7 7 1597 j 493 jI
i
ji
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Where S a l =
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S E C T I O N  VI
THE EFFECTS OF SUBSTITUTION
(a )  The e f f e c t s  o f s u b s t i tu t io n  on th e  s t a b i l i t y  of th e  f e r r i c  p h en o la te  
complexes*
S e v e ra l w orkers [3 8 ,3 9 ,4 0 ] have su g gested  th a t  f o r  1 : 1 complexes 
ML, o f th e  m e ta l M w ith  a s e r ie s  o f r e la te d  l ig a n d s  L, th e  lo g a rith m  of 
th e  s t a b i l i t y  c o n s ta n t o f th e se  complexes shou ld  v a ry  l i n e a r l y  w ith  th e  
n e g a tiv e  lo g a rith m  o f  th e  d is s o c ia t io n  c o n s ta n ts  o f th e  r e s p e c tiv e  
a c id s  HL; th u s
lo g  h a ,  ~ apKHL * b
where a  and b a re  c o n s ta n ts .
E m p iric a l l i n e a r  r e la t io n s h ip s  o f th e  ty p es  ex p re ssed  by eq u a tio n
(6 .1 )  have been  found to  h o ld  by many w orkers [ 3 8 ,3 9 ? 4 0 ,8 1 ,8 2 ,8 3 ,8 4 ,8 5 ,8 6 ] *
Thus, C alv in  and W ilson [ 81] showed th a t  such a l i n e a r  r e la t io n s h ip  e x i s t s
ole
f o r  the  c u p ric  a c e ty l-a c e to n a te s  and f o r  the  c u p r ic  sa licy laM iy d es , and
showed th a t  th e  s lo p e s  o f th e  c o r r e la t io n  p lo ts  were l e s s  than  u n i ty .
Bruehlman and Verhoek [ 82] m easured th e  s to ic h io m e tr ic  s t a b i l i t y
c o n s ta n ts  ( ^ ) f o r  th e  s i lv e r  amine complexes and showed th a t  a  p lo t  o f 
(c )lo g  Kr '  a g a in s t  the  n eg a tiv e  lo g a rith m  o f th e  s to ic h io m e tr ic  d is s o c ia t io n  
c o n s ta n t (pK^°^) o f the  amine gave two s t r a ig h t  l i n e s .  One l i n e  was o b ta in ­
ed f o r  th e  secondary amines and the  o th e r  f o r  th e  p rim ary  a l ip h a t ic  amines
and the  p y r id in e s .  Here a g a in  th e  s lo p es  o f th e  c o r r e la t io n  p lo t s  were
(c )l e s s  th a n  u n i ty .  Bjerrum  [40] dem onstrated  t h a t  pIO 'a n d  the  lo g a rith m s  
o f  th e  average com plex ity  c o n s ta n ts  f o r  many s i lv e r  and m ercuric  complexes 
showed under s im ila r  c o r r e la t io n s .
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Van U i te r t ,  E e rn e liu s  and Douglas [ 84] have shown th a t  th e  lo g a rith m s
o f th e  s t a b i l i t y  c o n s ta n ts  o f the  c o -o rd in a tio n  compounds o f Cu^+, Ni^+, and 
2+Ba w ith  s t r u c t u r a l l y  s im i la r  (3-diketones was e s s e n t i a l l y  a  l i n e a r  fu n c tio n  
o f  pKa » I rv in g  and R o s s o tt i  [ 86] a lso  o b ta in e d  good l i n e a r  c o r r e la t io n  
p lo t s  f o r  d iv a le n t  m e ta l io n s  w ith  some s u b s t i tu te d  o x in e s .
I t  was I rv in g  and R o s s o t t i  [87] who f i r s t  p roposed  such a l i n e a r  
r e la t io n s h ip  on th e  b a s i s  o f  the thermodynamic c o n s id e ra tio n  f o r  complexes 
o f th e  type  ML. Lebermann and  Rabin [88] have extended  th e  thermodynamic 
tre a tm e n t to  complexes o f  th e  type ML^. Jo n es , P oo le , Tomkinson and 
YiTilliams [ 8 9 ] ,  suggested  t h a t  l i n e a r  r e l a t io n s h ip s  o f t h i s  ty p e  a re  no t 
g e n e ra l ly  v a l id  and th a t  even in  cases  i n  w hich  th ey  ap p ear to  be obeyed a re
f o r tu i to u s ;  however, t h i s  view  appears to  have been d isp ro v e d  by th e  e x te n ­
s iv e  m easurem ents o f P e r r in  [ 90] on th e  com plexes o f th e  fe r ro u s  and 
f e r r i c  io n s  w ith  amino a c id s  and by D a tta , Leberman and R abin  [ 91] working 
on th e  amino a c id  complexes o f th e  c u p ric  io n .
R ecen tly  E rn s t and Menashi [ 34] in v e s t ig a te d  th e  e f f e c t  o f  s u b s t i tu ­
e n ts  on th e  s t a b i l i t y  o f  th e  complexes o f th e  f e r r i c  io n  and a number o f
s a l i c y l i c  a c id s .  The fo rm atio n  o f th e  f e r r i c  s a l i c y l a t e s  can be re p re se n te d  
by e q u a tio n  (6 .2 )
Fe3+ + H2L PeL1- + 2H+ . . .  ( S .2)
where H^L i s  s a l i c y l i c  a c id  o r  a  s u b s t i tu te d  s a l i c y l i c  a c id .  By c o n s id e rin g  
th e  f r e e  energy  change f o r  t h i s  r e a c t io n  E rn s t  and Menashi d e r iv e d  th e  
fo llo w in g  e x p re ss io n  :
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lo g  = p(K *K p -  [ (|i°j,QL* -  tx°H L) + ( 2 (1° ^  -  M°pe3 + ) ] / 2 .303  RT
. . .  ( 6. 3 )
where i s  the thermodynamic s t a b i l i t y  c o n s ta n t o f  th e  s a l i c y la t e  complex, 
and axe th e  f i r s t  and second d is s o c ia t io n  c o n s ta n ts  o f  th e  r e s p e c t iv e  
s a l i c y l i c  a c id , and vrhere jj° w ith  the  a p p ro p r ia te  s u b s c r ip t  r e p re s e n ts  th e  
s ta n d a rd  chem ical p o t e n t i a l .
E qu a tio n  (6 ,3 )  p r e d ic t s  th a t  a  p lo t  of lo g ^ K ^  a g a in s t  p(K*ICp 
shou ld  y ie ld  a  s t r a ig h t  l i n e  i f ,  f o r  a  s e r ie s  o f  c lo s e ly  r e l a t e d  l ig a n d s ,
th e  term  p. ^ ^ 4 -  ^  e i th e r  a  c o n s ta n t o r  a  l i n e a r  fu n c tio n  o f pKj^K^.
The s lo p e  o f t h i s  l i n e  w i l l  be u n i ty  in  the  f i r s t  case  and d i f f e r e n t  from  
u n i ty  i n  th e  second. Hence i f  th e  l i n e a r  r e la t io n s h ip  h o ld s  f o r  a  g iven  
s e r ie s  o f  l ig a n d s  th re e  ca se s  a re  to  be d is t in g u is h e d ,
( i )  s lo p e  = 1; s u b s t i tu t io n  a f f e c t s  th e  s t a b i l i t y  o f the  m eta l 
com plexes to  t h e  same e x te n t as t h a t  o f th e  co rresp o n d in g  p ro to n  com plexes, 
( i i )  s lo p e  <^1; s u b s t i tu t io n  a f f e c t s  th e  s t a b i l i t y  o f th e  m e ta l 
complexes to  a  l e s s e r  e x te n t  th a n  th a t  o f  th e  co rresp o n d in g  p ro to n  com plexes, 
( i i i )  s lo p e  /  1 ; s u b s t i tu t io n  a f f e c t s  th e  s t a b i l i t y  o f  th e  m e ta l 
com plexes to  a  g r e a te r  e x te n t th an  th a t  o f th e  co rresp o n d in g  p ro to n  
com plexes,
E rn s t  and Menashi [3.4 ] m easured th e  f i r s t  and second d is s o c ia t io n  
c o n s ta n ts  o f  a  number o f  s u b s t i tu te d  s a l i c y l i c  a c id s  and th e  re sp e c tiv e  
f e r r i c  com plexes. They found  t h a t  a  p lo t  o f  lo g  a g a in s t  p(KjK^) y ie ld s  
a  good s t r a i g h t  l i n e .  The v a lu e s  o f th e  c o r r e la t io n  f a c t o r ,  s lope  and
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i n t e r c e p t  o f  th e  b e s t  l i n e ,  o b ta in e d  by the method o f l e a s t  sq u a re s , were
found  to  be 0.998* 0 .75  ** 0 .02  and 5*0if -  0 .15  r e s p e c t iv e ly .  They th e re fo re
concluded th a t  e q u a tio n  (6 .3 )  h o ld s  f o r  th e  s e r ie s  o f f e r r i c  s a l i c y la te s
s tu d ie d , and th a t  s u b s t i tu t io n  a f f e c t s  th e  s t a b i l i t y  o f th e  f  e r r i c  complex
to  a  l e s s e r  e x te n t  th a n  th a t  o f th e  co rrespond ing  p ro to n  complex.
I t  has been su g g ested  t h a t  in  g e n e ra l th e  m agnitude o f  th e  slope o f
such c o r r e la t io n  p lo t s  depends on a number o f  f a c to r s ,  such as th e  io n iz a t io n
p o te n t ia l  o f th e  m eta l io n  [ 8 5 ], p o la r iz a t io n  o f th e  l ig a n d s  by th e  m eta l
io n  [ 8 9 ], n u c le a r  re p u ls io n  between th e  m eta l io n  and donor atoms [ 92 ],
tendency o f  th e  m eta l to  form  7r-bonds f 89] and l ig a n d  f i e l d  s t a b i l i z a t i o n s
[ 93] • In  most c a se s  th e  s lo p e s  are  d i f f e r e n t  from  u n i ty  b u t a re  c lo s e r  to
u n i ty  f o r  a l ip h a t i c  th a n  f o r  arom atic  l ig a n d s  [8 9 ,9 3 ]*  Jo n es , P oo le ,
Tomkinson and W illiam s [ 89] e x p la in ed  th e  occu rrence  o f  d e v ia t io n s  from  u n i t
s lo p e  i n  term s o f w-bonding e f f e c t s .  They concluded th a t  w ith  l ig a n d s
whose w -o rb i ta ls  can  i n t e r a c t  w ith  s u i ta b le  o r b i t a l s  o f  th e  m eta l io n , s lo p es
g r e a te r  th a n  u n ity  shou ld  r e s u l t  i f  the  c e n t r a l  io n  has w -accep to r p ro p e r t ie s
and sm a lle r  th a n  u n ity  i f  i t  has w-donor p r o p e r t i e s .  They su g g ested  a ls o
2+  2+t h a t  d iv a le n t  m eta l io n s  such a  s Cu , Ni a c t  as  w -e le c tro n  donors and th e  
3+Pe io n  a c ts  as a  7 r-e lec tro n  a c c e p to r . A ccord ing ly  f o r  a  s e r ie s  o f c lo s e ly  
r e l a t e d  l ig a n d s  th e  s lo p e s  o f th e  c o r r e la t io n  p lo t s  sh o u ld  be sm a lle r  th an  
u n i ty  i n  th e  f i r s t  case  and g re a te r  th a n  one in  th e  second. These p re d ic ­
t io n s  h o ld  good in  some case s  b u t f a i l  i n  o th e r s .  Thus w ith  im id o d ia c e ta te s  
2+  2-1*b o th  Cu and Ni g ive c o r r e la t io n  p lo t s  w ith  s lo p es  g r e a te r  th a n  one. On
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th e  o th e r  hand f o r  complexes o f th e  f e r r i c  io n  w ith  a  s e r ie s  o f ox ines th e
s lo p es  o f th e  c o r r e la t io n  p l o t  i s  0.9* The l a s t  example and p a r t i c u l a r ly
24
th e  work o f  E rn s t and Menashi [58] su g g est t h a t  in  some in s ta n c e s  th e  f e r r i c  
io n  a c ts  a s  i f  i t  were a  w -e le c tro n  donor and im p lie s  t h a t  d e v ia t io n s  from 
u n i t  s lope  a re  m ain ly  due to  fr-bonding e f fe c ts #
For an adequate  d is c u s s io n  of such c o r r e la t io n  p lo t s  i t  i s  c le a r  t h a t  
d a ta  o f  s u f f i c i e n t ly  h igh  p re c is io n  must be u sed . U n fo rtu n a te ly  many 
w orkers do n o t a p p re c ia te  th e  im portance o f t h i s  f a c to r  and employ d a ta  o f 
lo  w p re c is io n  and f in d  good c o r r e la t io n s  where th ey  do n o t e x i s t  and v ice  
v e rs a .
I n  the  p re s e n t work we have s tu d ie d  f i f t e e n  f e r r i c  p h en o la te  com­
p le x es  i n  o rd e r to  p rov ide  a s  wide a b a s is  as p o s s ib le  f o r  t e s t i n g  th e  
v a l i d i t y  o f such c o r r e la t io n s .  S ince i n  th e  p re s e n t  case  th e  pheno ls under 
c o n s id e ra t io n  a c t  as m onodentate l ig a n d s  complex fo rm atio n  can  be re p re se n te d  
by e q u a tio n  (6 .4 )
HL + Fe3+ FeL2* + H* . . .  (6 .4 )
The r e a c t io n  can be co n s id e re d  to  take p la c e  in  two s te p s
Pe3+ + i f  FeL2+ . . .  (6 .4 a )
HL ^  H+ + L-  . . .  (6 .4 b )
L et A&° be th e  f r e e  energy  change f o r  r e a c t io n  (6 .4 )  and l e t  A & J and
be th e  f r e e  energy  changes o f th e  in d iv id u a l  s te p s  (6 .4 a )  and (6 ,4 b ) 
r e s p e c t iv e ly ;  th e n
AG0 = A&° + A&° = -RTlnK -  RTlnK 1 2  a
= - ETlnKK . . .  (6 .5)Q.
E x p ress in g  A & ° i n  term s o f  th e  s tan d a rd  chem ical p o te n t i a l s  o f th e  r e s ­
p e c tiv e  sp e c ie s  and re a rra n g in g  i t  fo llo w s  th a t
lo g  K =5 pKa -  [ (p°peL2+ “  + (p °h-s- •  ^°pe3 + ^  / 2*3°3 RT • • •
where jjl° w ith  an a p p ro p r ia te  s u b s c r ip t  r e p re s e n ts  th e  s ta n d a rd  chem ical 
p o te n t ia l*  E q u a tio n  (6*6) i s  o f e x a c tly  th e  same form as t h a t  d e riv e d  by 
E rn s t  and Menashi [3 4 ] f o r  th e  f e r r i c  s a l i c y l a t e s  and p r e d ic ts  th a t  a  p l o t  
o f  lo g  K a g a in s t  pK& w i l l  g ive  a  s t r a ig h t  l i n e  i f  th e  term  (i-i0j,e^2+ “  ^°h l^  
i s  a  c o n s ta n t o r  a  l i n e a r  fu n c tio n  o f The same c o n s id e ra tio n s  p e r­
ta in in g  to  th e  m agnitude o f th e  s lo p e  o f  eq u a tio n  (6*3) app ly  to  eq uation  
(6 .6 )
P ig . 6 .1  r e p re s e n ts  a p lo t  o f  lo g  K a g a in s t  pK f o r  the  complexes o fa
th e  f e r r i c  io n  v /ith  th e  f i f t e e n  pheno ls  s tu d ie d  i n  the  p re s e n t Yrork and th e  
f iv e  s tu d ie d  by M ilburn [ 33] • The form er a re  in d ic a te d  by t r i a n g le s  and 
th e  l a t t e r  by sq u a re s . The numbers i n  F ig . 6 .1  r e f e r  to  th e  numbering o f 
th e  d a ta  g iv en  in  T able  6 .1 .  The b roken  l i n e  in  F ig . 6 .1  i s  th e  b e s t  l i n e  
o b ta in e d  by  ap p ly in g  th e  method o f l e a s t  sq u ares  to  th e  ex p erim en ta l d a ta  
g iv en  i n  Table 6 .1 .  In  c a lc u la t in g  th e  s lo p e  and in te r c e p t  o f  th e  c o r r e la ­
t i o n  p lo t  and th e  r e s p e c t iv e  s ta n d a rd  d e v ia t io n s , th e  same method as t h a t  
employed in  th e  c a lc u la t io n  o f  s t a b i l i t y  c o n s ta n ts  o f  th e  complexes was 
used  [ 6 2 ] .  The s lo p e  and in te r c e p t  were found to  be 0 .8  -  0 .3  and
-155-
TABLE 6 .1
No. Complex
- ..................  ..
K (a)
a *Ka K
1 C.Hc0FeZ+ 6 5 1 .00  x 10~1U 10.00 1.7 x  10
2 2+S o-F-CgH^OFe 1 .9 7  x  10~9 8.71 2.15  x  107
3 m -F -C ^ O F e2* 6 .22  x K f 10 9.21 5 .9  x 107
4 p-F-CgH^0Fe2+ 1 .23  x lO-10 9 .91 2 .4  x 108
5 o-Cl-C  ^ H^OFe2* 2 .92  x 10~9 8.53 2 .1  x 107
6 m-Cl-C ^ H^OFe 2+ 7 .41  x 10"10 9.13 7 .7  x 107
7 p -C l-C ^ O F e 2* 3 .8 2  x  10”10 9 .42 8 .3  x  107
8 0 -Br-C  ^ H^OFe 2+ 3 .63  x  10~9 8 ,1 4 1 .5 4  x 107
9 p-Br-CgH^OFe2* 4 .37  x  10” 10 9.36 1 .2  x  108 ^
10 0- I-C gH^OFe 2+ 3 .0 9  x  lO "9 8 .5 1 2 .7  x  107
11 p -I-C  gB^0Fe2+ 4 .9 6  x  10”10 9 .3 1 4 .3  x 108
12 m-CH^-C^H^0Fe2+ 8.30  x  lo " 11 10.09 3 .2  x 108
13 p-CH^-C ^ H^OFe 2+ 3 .5 0  x  10"*11 10 .26 1 .8  x  109 ^
14 m-CH^O-CgH^OFe2* 2 .24  x 10~10 9 .65 3 .3  x  108
15 m-CH^CO-C 6H2j_OFe2+ 3 .6 7  X 10~10 9.25
0
2 .3  x 10°
16 p-CI^CO-CgH^OFe24' 8 .98  x lO’*9 8 .05 1 .6  x  107
17 m-CHO-CgH^OFe2* 9.63 x 10~10
CMO• 1 .2 8  x 108
18 P-CH0-C/-B. 0Fe2+ 2.43  x  10~8 7 .62 3 .6  x  107
19
Vj AJ-
m-N02-CgH^0Fe2+ 4 .0 7  x l 0 “ 9 8.39 1 .7  x  107 <b >
20 p-N02-C 6H^0Fe2+ 7 .08  x  10"8 7 .15 5 .5  x  l 0 5^b ^
logK
8.23 
7 .33  
7 .77  
8 .38  
7 .32  
7 .89  
7 .9 2
7.19  
8.08 
7*43 
8.63
8 .3 1  
9 .26
8 .32
8.36
7.20 
8.11 
7 .56
7 .23  
5 .7 4
(a )  d is s o c ia t io n  c o n s ta n ts  from  re fe re n c e s  [ 50] ,  [5 1 1 , [ 5 2 ] ,  [ 5 3 ] ,  [ 64] .
(b ) v a lu e s  from  re fe re n c e  [35 ]
CORRELATION PLOT FOR THE
f e b b i c - p h e n o l a t e s
AlS® „ n  A10- ' '
IS A 2
■ ' 8
a ' 3 ,
s
A11 *14
17 A i 5 ^ a A l2  
A a t  Q 1 
s Ar A?/  A 3
0 .5  -  2 .8  re s p e c tiv e ly *
To f in d  to  what e x te n t  th e  v a r i a t e s ,  in  t h i s  case  lo g  K and pK » 
a re  c o r r e la te d  to  one a n o th e r , th e  s o -c a l le d  c o r r e la t io n  c o e f f ic ie n t  r  [ 94] 
was c a lc u la te d  u sin g  th e  fo rm ula
where n  i s  th e  number o f  ex p erim en ta l p o in ts  and th e  b a r  d eno tes  th e  mean 
o f  th e  r e s p e c tiv e  v a r ia te s *  In  th e  l im i t in g  case  when th e  v a r ia te s  a re  
f u l l y  c o r r e la te d  r  assumes th e  v a lu es  +1 o r  -1 .  I t  i s  zero  when the  
v a r i a t e s  a re  n o t r e l a t e d  a t  a l l  [ 94] •
The. v a lu e  o f r  o b ta in e d  f o r  th e  tw en ty  complexes s tu d ie d  i n  th e  p re s ­
e n t c a se , has been found in  t h i s  way to  be 0*85, t h a t  i s ,  somewhat l e s s  th a n
34;
t h a t  found by E rn s t and Menashi [£ 8 j f o r  th e  f  e r r i c  s a l i c y l a t e  s e r ie s*  The 
r e l a t i v e l y  h igh  v a lu e  o f r  f o r  the c o r r e la t io n  p l o t  seems to  in d ic a te  t h a t ,  
i n  s p i te  o f  a  c e r t a in  amount o f  s c a t t e r  o f  th e  ex p e rim en ta l p o in ts  about 
th e  l e a s t  sq u ares  l i n e ,  eq u a tio n  (6 .6 )  h o ld s  in  the p re s e n t  c a s e . I t  must 
be em phasised, however, t h a t  th e  d e v ia t io n  o f  some o f th e  ex p erim en ta l 
p o in ts  from  th e  b e s t  l i n e  a re  s ig n i f ic a n t ly  l a r g e r  th an  th e  ex p erim en ta l 
e r r o r  in v o lv e d  i n  th e  d e te rm in a tio n  o f th e  s t a b i l i t y  c o n s ta n ts  and th e  
r e s p e c tiv e  pK& v a lu e s . T h is  c l e a r ly  means t h a t  th e  term  (fi°pejJ2+ “  ^ inP 
i s  n o t s t r i c t l y  a  l i n e a r  fu n c tio n  o f  pK •
As i n  th e  case o f th e  f e r r i c  s a l i c y la t e s  th e  s lo p e  o f th e  c o r r e la t io n  
p l o t  f o r  th e  f e r r i c  p h e n o la te s  i s  l e s s  th a n  u n i ty  th e re b y  in d ic a t in g  th a t
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on average s u b s t i tu t io n  a f f e c t s  th e  s t a b i l i t y  o f th e  f e r r i c  p h en o la te  
complex to  a  sm a lle r  e x te n t  th a n  th e  re s p e c tiv e  p ro to n  com plexes. Hence, 
i f  W illiam s1s [89] i n t e r p r e t a t i o n  o f th e  m agnitude o f th e  s lo p es  o f th e  
c o r r e la t io n  p lo t  i s  adopted we must conclude th a t  th e  f e r r i c  io n , i n  th e  
p re s e n t  c a se , a c ts  a s  a 7 r-e lec tro n  donor. W hether t h i s  co n c lu s io n  i s  
j u s t i f i e d  and to  what e x te n t o th e r  f a c to r s  p la y  a  p a r t  i s  d ix T ic u lt  to  decide 
a t  p re s e n t .  However, i n  view o f the  thermodynamic n a tu re  o f r e l a t i o n  (6 .6 )  
i t  ap pears  t h a t ,  f o r  a s a t i s f a c to r y  d is c u s s io n  o f  the  r e l a t i v e  s t a b i l i t i e s  
o f  complex compounds, e n th a lp ie s  and e n tro p ie s  o f  fo rm atio n  o f  b o th  m etal 
and p ro to n  com plexes should  a lso  be tak en  in to  acco u n t. In  p a r t i c u l a r ,  a  
knowledge o f  en tro p y  changes sho u ld  p ro v id e  a  p r o f i t a b l e  approach  to  th e  
e lu c id a t io n  of t h i s  problem , s in ce  th e y  r e f l e c t  changes [ 97] i n  th e  e l e c t r i c  
c h a rg e , d ec rease  i n  th e  number o f  io n s , changes i n  the  degree o f  h y d ra tio n , 
e t c .  to  a g re a te r  e x te n t  th an  e n th a lp y  changes. For many r e a c t io n s ,  b o th  
th e  h e a t and en tro p y  changes fav o u r complex fo rm a tio n  b u t t h e i r  r e l a t iv e  
im portance changes m arkedly w ith  m inor v a r ia t io n s  i n  th e  l ig a n d  [ 9 8 ] .  The 
d e te rm in a tio n  o f th e  h e a ts  o f  r e a c t io n  f o r  th e  complexes s tu d ie d  in  the  
p re s e n t  case  would re q u ire  th e  use o f s p e c ia l  te ch n iq u es  because th e  com­
p le x e s  a re  b o th  therm odynam ically  and phot oc hemic a l l y  n o t very  s t a b l e .  A 
d e te rm in a tio n  o f  th e se  q u a n t i t i e s  has n o t been a ttem p ted  in  th e  p re s e n t 
work.
(b) E f fe c ts  of s u b s t i tu t io n  on th e  a b s o rp tio n  s p e c tra  o f th e  f e r r i c  
p h e n o la te s .
As a lre a d y  m entioned, the  complexes s tu d ie d  in  th e  p re s e n t  work show
a s in g le  w e3.1-defined band in  th e  w avelength  range employed. An in s p e c tio n
o f Table 5*21 w i l l  shovf t h a t  th e  value  o f  X f o r  th e  complexes dependsmax
on the  n a tu re  o f th e  s u b s t i tu e n t  as w e ll as i t s  p o s i t io n  in  th e  arom atic 
r in g .  I t  w i l l  be seen th a t  in  the ta b le  th e  complexes have been a rran g ed  
in  th re e  g roups co rre sp o n d in g  to  o r th o , meta and p a ra  p o s i t io n s  in  th e  a ro ­
m atic  r in g . For com parison th e  u n s u b s ti tu te d  complex has a lso  been in c lu d e d  
i n  each group of com plexes. W ith in  each  group th e  complexes a re  o rd e red
accord ing  to  d ec rea sin g  X • The ta b le  c o n ta in s  a lso  Hammet ( T  va lues[ 95]max
f o r  th e  meta and p a ra  s u b s t i tu e n ts  to g e th e r  w ith  the T a f t  [ 96] in d u c tiv e  
(CTj.) and resonance  (CJ^) c o n tr ib u tio n s . I t  i s  in t e r e s t in g  to  no te  t h a t  
f o r  complexes c o n ta in in g  m eta and p a ra  s u b s t i tu e n ts  th e  v a lu e s  o f Xmax
decrease  as th e  Hammett (T  v a lu e s  in c r e a s e ; the only  e x ce p tio n  in  t h i s  
r e s p e c t  i s  th e  u n s u b s t i tu te d  complex in  th e  group o f p a ra  s u b s t i tu e n ts .
The c h a r a c t e r i s t i c  a b so rp tio n  s p e c tra  o f  the complexes s tu d ie d  in  
th e  p re s e n t  work a re  most p robab ly  o f th e  charge t r a n s f e r  ty p e , l i k e  those  
o f th e  f e r r i c  s a l i c y l a t e s  and many o th e r  f e r r i c  com plexes. S p e c tra  of t h i s  
k in d  have been d is c u s se d  by a number o f w orkers [ 41, 97, 98] • Thus, 
acco rd in g  to  R abinow itch [ 9 7 ] ,  "the in te n s e  a b so rp tio n  bands o f  f e r r i c
2+ 2+ 2+complexes such as FeCl , FeBr , FeCNS a re  due to  an e le c t r o n  t r a n s f e r  
from th e  an ion  to  th e  c a t io n .  The a b so rp tio n  spectrum  of f e r r i c  t h i o s u l -  
p h a te  i s  a lso  o f t h i s  type [99]*  Bowen [ 98] has a s c r ib e d  th e  weak bands
- 160-
o f  some s p in - f r e e  f e r r i c  complexes observed  a t  530 mjj. and 700 mji to  s tro n g ly
fo rb id d e n  d -d  t r a n s i t i o n .  The in te n s e  a b so rp tio n  bands o f o th e r  f e r r i c
com plexes observed  in  th e  u l t r a - v i o l e t  and v i s ib l e  re g io n s  he a t t r i b u t e d
to  th e  passage o f  an e le c t r o n  ffom one o f th e  c o -o rd in a te  l in k s  to  an
atom ic o r b i t a l  on the  c a t io n .  In  some cases t r a n s f e r  o f  th e  e le c t r o n  from
th e  l ig a n d  to  th e  m eta l i s  com plete and r e s u l t s  i n  th e  re d u c tio n  o f th e
f e r r i c  io n . W illiam s su g gested  f 41, 42] t h a t ,  i n  f e r r i c  complexes such as
th e  f e r r i c  p h e n o la te s , a  d -d  t r a n s i t i o n ,  ¥diich r e s u l t s  in  an in c re a s e  o f  the
7 r-accep to r p ro p e r t ie s  o f th e  m etal io n  [ 4 2 ] , i s  coup led  w ith  th e  t r a n s f e r
o f  a 7 r-e lec tro n  from  the  l ig a n d  to  th e  v aca ted  t ? o r b i t a l  o f  th e  f e r r i c
io n . T his p ro c e ss  le a d s  to  an in c re a s e  in  th e  i n t e n s i t y  o f a b so rp tio n  and
g iv e s  r i s e  to  ab so rp tio n  bands which a re  c h a r a c t e r i s t i c  o f the  complex*
Hence a s  th e  w-donor tendency o f th e  l ig a n d  in c re a s e s  th e  c h a r a c t e r i s t i c
a b so rp tio n  bands o f the  complex should  move tow ards lo n g e r  w avelen g th s .
W illia m s’s su g g es tio n  can be ex p la in ed  i n  term s o f th e  l ig a n d  f i e l d  th eo ry
as  fo llo w s . C onsider a case  i n  w hich th e  occup ied  w - o rb i ta ls  o f th e
l ig a n d  a re  more s ta b le  th an  th e  occup ied  & o r b i t a l s  o f th e  c e n t r a l  ion*
The in te r a c t io n  o f  th e  7 r -o rb ita ls  o f  th e  l ig a n d  w ith  th e  t ^  d o r b i t a l s  o f
th e  c a t io n  cause th e  l a t t e r  o r b i t a l s  to  be d e s ta b i l i s e d ,  th e  e x te n t o f d e -
s t a b i l i z a t i o n  depending on th e  m agnitude o f  the  7r-donor tendency o f the
l ig a n d . T h is  means t h a t  th e  g re a te r  th e  w^-donor tendency  o f  th e  l ig a n d
th e  sm a lle r  th e  l ig a n d  f i e l d  s p l i t t i n g ,  A  , betw een th e  e and t 0 o r b i t a l s .
S in ce  th e  frequency  of th e  absorbed  r a d ia t io n  depends d i r e c t l y  upon th e
m agnitude o f A  i t  i s  c le a r  t h a t  X should  in c re a s e  as th e  7r-donormax
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tendency  o f  th e  l ig a n d  in c re a s e s .  T his p r e d ic t io n  has been confirm ed by
th e  work o f  Rao and Rao [4 3 ] who in v e s t ig a te d  th e  e f f e c t  o f  s u b s t i tu e n ts
on th e  a b so rp tio n  s p e c tra  o f  th e  complexes form ed by th e  f e r r i c  io n  w ith
p h en o l, p a ra -c h lo ro p h e n o l, p a ra -n itro p h e n o l and p a ra -su lp h o n y lp h en o l.
From t h e i r  r e s u l t s  th e y  concluded th a t  a s  th e  e le c t r o n  donor p ro p e r t ie s
o f th e  s u b s t i tu e n t  in c re a s e  th e  a b so rp tio n  bands move tow ards lo n g e r
w avelengths* R ecen tly  E rn s t and Menashi [ 3 4 ] , u s in g  th e  T a ft CJ^ v a lu es
as  a m easure o f th e  w -donating  tendency  o f  the  s u b s t i tu e n ts ,  showed th a t
th e  v a lu e s  o f X f o r  th e  f e r r i c  s a l i c y la te  s e r ie s  in c re a s e s  a s  (T_ de­max R
c r e a s e s .  The o n ly  e x ce p tio n  from t h i s  b eh av io u r i s  th e  m ethyl s u b s t i tu e n t  
which seems to  have a g r e a te r  w'-donor tendency  th an  t h a t  su g g ested  by 
th e  (Tr  value*
However, W illiam s 's  p r e d ic t io n  re g a rd in g  th e  e f f e c t  o f  th e  w*-donor 
power o f  th e  s u b s t i tu e n t  on th e  i n t e n s i t y  o f th e  bands does n o t seem to  be 
g e n e ra l ly  v a l id .  Thus E rn s t and Menashi [34] m easured th e  o s c i l l a t o r  
s t r e n g th s  f o r  th e  c h a r a c t e r i s t i c  a b so rp tio n  bands o f th e  f e r r i c  s a l i c y la te  
s e r i e s  and were unab le  to  f in d  any d e f in i t e  c o r r e la t io n  betw een t h i s  
q u a n ti ty  and th e  e le c t r o n  d o nating  p r o p e r t ie s  o f the  s u b s t i tu e n t .
To t e s t  th e  a j jp l i c a b i l i ty  o f W illiam s*5 th e o ry  to  th e  a b so rp tio n  
s p e c tra  o f th e  complexes s tu d ie d  in  th e  p re s e n t  work Hammett sigm a v a lu es  
[ 93] and T a f ts  CT^ v a lu e s  [ 96] were tak en  as  a measure o f th e  e le c t r o n  
d o n a tin g  tendency  o f a s u b s t i tu e n t .  A ccording to  T a f t  [ 96] th e  Hammett 
CTvalue can be re s o lv e d  q u a n t i ta t iv e ly  in to  independen t in d u c tio n  and
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and resonance c o n tr ib u tio n s  (J'r  and 0 1  r e s p e c t iv e ly ;  th u s
X Jx
O = O j  + . . .  (6.8)
O j  i s  a measure o f  th e  power o f th e  s u b s t i tu e n t  ( r e l a t i v e  to  the  H-atom) 
to  a t t r a c t  ( 0 j  0) o r  t o  r e p e l  (C^j- <\ $ )  e le c tro n s  th rough  CT-bends i n
th e  a rom atic  m olecu le. On th e  o th e r  hand CT^ may be re g a rd ed  a s  a  measure 
o f  th e  pov/er o f th e  s u b s t i tu e n t  ( r e l a t i v e  to  the  H-atom) to  a t t r a c t r  
(CJR )> 0) o r to  r e p e l  (CJ^  <(0) e le c tro n s  th ro u g h  resonance w ith  th e  fr-e le o -  
t ro n s  o f  th e  benzene system ; i t  can th e re fo re  be tak en  as a  measure o f 
th e  w—d o nating  pov/er o f th e  s u b s t i tu e n ts  s tu d ie d  in  th e  p re s e n t  work. T a f t 
has c a lc u la te d  th e  v a lu es  o f  (T^, f o r  a number o f bo th  meta and p a ra  sub­
s t i t u e n t s .  He found th a t  th e  C7^ v a lu e s  f o r  p a ra  s u b s t i tu e n ts  a re  more 
s u s c e p tib le  to  change in  so lv e n t and r e a c t io n  type  th an  the  0 1  v a lu es  f o r  
meta s u b s t i tu e n ts .  He has a lso  m easured th e  v a lu es  f o r  a number of 
s u b s t i tu e n ts  and found th a t  th ey  a re  independen t o f t h e i r  p o s i t io n  in  the  
arom atic  rin g *
Since th e  Hammett eq u a tio n  does n o t apply  to  o rth o  s u b s t i tu e n ts ,  th e
f e r r i c  complexes s tu d ie d  in  the p re se n t work have been  d iv id ed  in to  th re e
groups (a s  seen  i n  T able 5 .2 l )  co rresp o n d in g  to  o r th o , m eta, and p a ra
p o s i t io n  i n  th e  benzene r in g .  As a lre a d y  m entioned th e  complexes have been
a rran g ed  in  o rd e r o f  d ec rea sin g  X , w ith in  each group in  Table 5 .2 1 .max
Now, i f  W illiam s V th e o ry  were a p p lic a b le  to  th e  complexes d isc u sse d  i n  th e
p re s e n t  work th e  value  o f  (X, should in c re a s e  as X d e c re a se s . I t  can bexv max
seen from  Table 5 .21  th a t  w ith  th e  ex cep tio n  o f the  p -  CH^, and th e  m -  F
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and m -  C l s u b s t i tu e n ts ,  tB&cjT t h i s  p r e d ic t io n  seems to  ho ld  i n  th e  p re s e n t
c a se . However, a  much b e t t e r  c o r r e la t io n  o f t h i s  type i s  observed  when th e
dependence o f X on the  Hammett C Tvalues i s  c o n s id e re d . Thus, w ith  th e  • max ■ •
ex cep tio n  o f th e  u n s u b s t i tu te d  complex i n  th e  group co rresp o n d in g  to  p a ra  
s u b s t i tu e n ts ,  i t  v d l l  be seen  th a t  i n  a l l  c a se s  the  va lu e  o f  CT in c re a s e s
a s  X o d e c re a se s . I t  would seem, th e r e f o r e ,  t h a t  th e  p o s i t io n  o f th e  peakmax -■ •- . .............
of th e  c h a r a c t e r i s t i c  a b so rp tio n  band o f a g iven  complex depends no t on ly  
on th e  f r -e le c tro n  b u t a lso  on th e  O ' - e le c t r o n  p ro p e r t ie s  o f  th e  s u b s ti tu e n t#  
I t  may a ls o  be concluded t h a t ,  as in  th e  case o f th e  f e r r i c  s a l i c y la te s  [ 3 4 ], 
th e  f e r r i c  io n  behavesto  a  c e r ta in  e x te n t  as i f  i t  were a ^ e l e c t r o n  a c c e p to r  
a t  l e a s t  d u rin g  o p t ic a l  e x c i t a t io n .  As no r e l i a b l e  m easure o f  th e  e le c t r o n  
w ithdraw ing power o f  th e  o rth o  s u b s t i tu e n t  i s  a v a ila b le  no v a l id  
c o n c lu s io n  can  be drawn as to  th e  e f f e c t  o f  th e se  s u b s t i tu e n ts  on the  
p o s i t io n  o f  th e  ab so rp tio n  peaks o f th e  r e s p e c tiv e  complex.
However, in  a ss e ss in g  th e  v a l i d i t y  o f th e se  c o n c lu s io n s  i t  i s  im port­
a n t to  remember t h a t  th e  v a lu e s  o f 0~and CT^, used  in  th e  above d is c u s s io n ,
>  ‘
app ly  s t r i c t l y  to  pure  o rg an ic  m olecu les o n ly . In  o rfagno-m eta llic  com­
p le x e s , such as th e  f e r r i c  p h e n o la te s , i t  i s  to  be expec ted  th a t  th e se  v a lu es  
may be somewhat m od ified  as a  r e s u l t  of th e  d is tu rb in g  e f f e c t  o f th e  f e r r i c  
ion# I t  i s  n o t u n l ik e ly ,  th e re fo re ,  t h a t  th e  anomalous b eh av io u r o f some 
o f th e  complexes i n  th e  cases  m entioned above i s  due to  th e  p e r tu rb in g  
e f f e c t  o f th e  f e r r i c  io n .
I t  can be seen from  Table 3*21 t h a t  th e re  i s  a p p a re n tly  no c o r r e la t io n
betw een th e  o s c i l l a t o r  s tr e n g th  o f th e  c h a r a c te r i s t i c  a b so rp tio n  band and 
e i t h e r  CT"or T h is  r e s u l t  seems to  d is a g re e  w ith  W illia m sf«S pred ic tion
[4 1 , 4-2] t h a t  the  i n t e n s i t y  o f th e  a b so rp tio n  bands of th e  f e r r i c  complexes 
should  in c re a s e  w ith  in c re a s in g  7r-donor te n d e n c ie s  o f th e  l ig a n d .
I t  i s  c l e a r  from  th e  above d is c u s s io n  th a t  th e  p o s i t io n  of th e  
c h a r a c t e r i s t i c  peaks o f th e  complexes o f th e  f e r r i c  io n  w ith  p h en o ls  de­
pends n o t on ly  on th e  w -e le c tro n  b u t a lso  on th e  C T -e lec tro n  d o n a tin g  
powers o f th e  s u b s t i tu e n t .  What p a r t  th e  CT bond p la y s  in  d e te rm in in g  th e  
p o s i t io n  o f the c h a r a c t e r i s t i c  peak cannot be s a id  w ith  c e r ta in ty ;  i t  i s  
most l i k e ly ,  however, t h a t  i t  i s  th e  sy n erg ic  in te r a c t io n  [102] o f  th e  
CT- and 7 r-e le c tro n s , enhanced by th e  p resen ce  o f th e  f e r r i c  io n , th a t  r e ­
s u l t s  in  a m o d if ic a tio n  o f th e  7r-donating power o f the  s u b s t i tu e n t  and 
b r in g s  about a  change in  th e  CTj^  v a lu e . For a f u l l  and s a t i s f a c to r y  
i n t e r p r e t a t i o n  o f th e se  e f f e c t s  a  m o lecu lar o r b i t a l  o r l ig a n d  f i e l d  
tre a tm e n t o f  th e  e le c tro n ic  c o n f ig u ra tio n  o f th e se  complexes i s  e s s e n t i a l .
APPENDIX
FLOW DIAGRAM FOR THE CALCULATION OF THE DISSOCIATION CONSTANT
OF META-ACETYLPHENOL.
V  YES
PRINT AND STOP •
Read in  d a ta ;
C a lc u la te  1 /(D  -  D )
and so lv e  (3*19) f o r  [ OH ]
C a lc u la te  s tan d a rd  d e v ia t io n  
eq u a tio n s  (3*21), (3 .2 2 ) ,  
( 3 .2 3 ) ,  (3 .2 4 ) ,  (3 .2 6 )
Apply l e a s t  sq u ares  to  
eq u a tio n  (3*7 ); o b ta in
p = l / ^  -  Do ;
C a lc u la te  K ; e q u a tio n  (3*20)
and so lv e  (3*19) f o r  [OH ] 
T e s t to  see  i f  p re v io u s  
d i f f e r s  by ^ 0 .0 1 %
Use jB to  c a lc u la te
LOW DIACRAM FOR TIE CALCULATION OF THE DISSOCIATION
CONSTANT OF PABA-AC3TYLPHSNOL
Read in  data:
b , D, D , K.' ,  K 
f  * o w0* £ w O
C a lc u la te  1/(D  -  D J
With I  = b •
C a lc u la te  eq u a tio n  (3*39)
Solve eq u a tio n  (3*38) f o r  h 
(ob ta in . hj)
vU I
Apply l e a s t  squares  to  
e q u a t i o n ' ( 3 .4 ) ;  o b ta in
a 1/K (D, -  D ) and a A
,? = i / ( q  - dq)
C a lc u la te  K ; e q u a tio n  (3 .2 0 )a
C a lc u la te  c(D -  D ) / ( I>-^  -  D )
C alculate . I  = b + hn
C a lc u la te  eq u a t io n  (3 .3 9 )
C a lc u la te  Q(h )j eq u a tio n  
n (3*38)
C a lc u la te  Q(h ); e q u a t io n
(3 .3 7 )
C a lc u la te  h ; eq u a t io n
n+1 (3 .3 5 )
T es t to  s ee  i f  p rev ious  K
d i f f e r s  by 0 . 0 .■/”
YFno
C a lc u la te  s ta n d a rd  d e v ia t io n  
see p . 49
r PRINT AND STOP
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NO \ /  YES
PRINT AND STOP
C alcul& te s tan d a rd  d e v ia t io n
____________ r 62l
C a lc u la te
Apply l e a s t  sq u ares  to  
e q u a tio n  ( 4 .2 1 ) ;  o b ta in  K 
and £
C a lc u la te  I ,  e q u a tio n  (4 .3 0 )
C alcul& te f  , eq u a tio n  (3 .3 9 )  
z
C a lc u la te  v , e q u a tio n  (4 .1 3 ) 
C a lc u la te  1/ vTt
C a lc u la te  C, e q u a tio n  (4 .2 0 )
C a lc u la te  h , e q u a tio n  (4 .2 8 )
R e c a lc u la te  I ,  e q u a tio n  (4 .3 0 )
R e c a lc u la te  f  , e q u a tio n  (3*39) z
R e c a lc u la te  v , e q u a tio n  (4 .1 3 )  
C a lc u la te  l /v ( T L -  c )
T es t to  see i f  p re v io u s  K and £  
d i f f e r  by <^0.01%
-1 6 9 -
R E F E R E N C E S
- 170-
[1 ] P au lin g , ’’The N ature o f  the  Chemical Bond" (Oxford U n iv e rs ity  
P re s s  1940, Second E d i t io n ) ,  C hap ters I I I  and V II.
[ 2] Van V leck, J .  Chem. P h y s., 1935, 2 , 803 and 807.
[ 3J B allh au sen , In tro d u c tio n  to  L igand F ie ld  Theory,
(McGraw-Hill Book C o., I n c . ,  New York, 1962) .
[if] R oothaan, Rev. Mod. P h y s ., 1951# 23. 69*
[3 ] W olfsberg and Helmhol'Z, J .  Chem. P h y s ., 1952 , 20 . 837#
[6 ] Gray, J .  Chem. E d ., 1964, 41, 2.
[7 ]  B ethe, Ann. P h y s ik (5 ) , 1929, 5., 133*
[8 ]  Van V leck, "The Theory o f  E le c t r ic  and M agnetic S u s c e p t ib i l i t i e s "
(O xford U n iv e rs ity  P re s s , 1932), C hapter I I .
[9 ]  Tanabe and Sugano, J .  Phys. Soc. Jap an , 1954, 2> 753*
[10] O rgel, J .  Chem. S o c ., 1952, 4756*
[1 1 ] O rgel, "An In tro d u c tio n  to  T ra n s itio n -M e ta l C hem istry : Ligand F ie ld
Theory" (Methuen and C o .L td ., London, i 960) ,  p p .42-44-
[12] O rgel, i b i d . ,  p p .70-73, 91-93 .
[ 13] Sidgw ick, "The Chemical E lem ents and T h e ir Compounds"
(O xford U n iv e rs ity  P re s s ,  1952), V o l . I I ,  p . 1361.
[14] H antzsch and Desch, A nn., 1894, 281. 340.
[15] W einland and B inder, B e r .,  1912, 45 . 2498.
[1 6 ]  Wesp and Brode, J .  Amer. Chem. S o c ., 1934, 2,6, 1037.
[17 ] Bent and F rench , J .  Amer. Chem. S o c ., 1941, 63. 568.
[18 ] Edmonds and Birnhaum, J* Amer. Chem. S o c ,, 1941, 63 . 1471*
-1 7 1 -
[19] Vosburgh and Cooper, J .  Amer. Chem. S o c ., 1941, 63 . 437 
Gould and Vosburgh, J .  Amer. Chem. S o c ., 1942, 64. 1630.
[20 ] Broumand and Sm ith, J .  Amer. Chem. S oc ., 1952, 74. 1013.
[21] Babko, J .  Gen. Chem. R u ss ., 1945, 15. 745.
[22 ] Babko, J .  Gen. Chem. R u ss ., 1945> 15. 874-83*
[2 3 ] B e r tin -B a tsc h , Ann. Chim ., 1952, J.> 481*
[2 4 ] Agren, A cta Chem. S can d ., 1954, 8, 266.
[ 25] Agren, A cta Chem. S cand ., 1954, 8 , 1059*
[ 26] Agren, A cta Chem .Scand., 1955, %  39*
[2 7 ] Agren, Svensk. Kern. T id s k r . ,  1956, 68. 181, 185*
7 [28 ] Agren, Svensk. Kern. T id s k r . ,  1956. 68. 189*
[29] V a r e i l le ,  B u ll. Soc. Chim. F rance, 1955, 870, 872, 1493*
[30 ] Romain and C o l le te r ,  B u ll .  Soc. Chim. F ran ce , 1958, 858, 867.
[31 ] S ch ig o l, J .  In o rg . Chem. R u ss ., 1961, £ , 664*
[32 ] P ark , N atu re , 1963, 197. 283*
[33] E rn s t and M enashi, T rans. Faraday  S o c ., 1963, 59 . 1794*
[34] E rn s t and Menashi, T rans. Faraday S o c ., 1963, 52, 2838.
[3 5 ] M ilburn, J .  Amer. Chem. S o c ., 1955, 77, 2064.
[ 36] Hammett, J .  Amer. Chem. S o c ., 1937, J59, 96.
[3 7 ] Sarnkousakis, J .  Chem. P h y s ., 1944, 12? 277*
[ 38] M arte l and  C alv in , "C hem istry of C h e la te  Compounds"
(R re n tic e -H a ll , New York, 1952), p p .151-160,.
[39 ] B jerrum , Chem. R ev ., 1950, 46, 381*
-172-
[ 4-0] Schw artzenbach, Anderegg, S chneider, and Seen, H elv. Chim.Acta, 
1955, 18 , 1147.
[41] W illiam s, J .  Chem. S o c ., 1955, 137*
[42] T filliam s, J .  Chem. S o c ., 1956, 8.
[43] Rao and Rao, Z. P hy sik . Chem. (L e ip z ig ) , 1959, 21, 388.
[44] H eiib rcnand  Buhbury, "D ic tio n a ry  o f O rganic Compounds" 
(llyre and Spottisw ood, Second E d it io n , 1953).
[45] Utermark and S ch ick e , "M elting  P o in t T ables o f  O rganic Compounds"
>
( in te r s c ie n c e ,  1963, Second E d i t io n ) .
[4 6 ] Manov, S ch u e tte  and K irk , J .  R es. N at. Bur. S ta n d .,  1952, 48,> 84#
[47] Manov, De L o l l i s ,  and A cree, J .  R es. N at. B ur. S ta n d ., 1944,
h-00OJ$
[48] R ig h e l la to ,  A n a ly s t, 1934, 59. 104.
[49] H a rtre e , P. S. G-. B u l le t in ,  1957, No.10, 249.
[50] Biggs and Robinson, J .  Chem. S o c ., 1961, 388*
[51] B iggs, T ran s. N arad. S o c ., 1956, 52. 35 .
[52] Robinson and K iang, T rans. Earaday S o c ., 1956, 52 . 327.
[53] Robinson and B iggs, T ran s . Earaday S o c ., 1955, £1 , 901.
[54] B ordw ell and Cooper, J .  Amer. Chem. S o c ., 1952, 74. 1058.
[5 5 ] S te a rn s  and Wheland, J .  Amer. Chem. S o c ., 194-7, 69. 2025.
[5 6 ] H ering ton  and K ynaston, T ran s . Earaday S o c ., 1957, 51* 138.
[5 7 ] E rn s t  and M enashi, T rans. Faraday  S o c ., 1963, 52* 2^0.
[58] E rn s t and M enashi, T rans. Earaday S o c ., 1963, 52* 1803.
[5 9 ] Owen, J .  Amer. Chem. S o c ., 1934, 56. 16955 1935, 5Z* 1526.
-1 7 3 -
[ 60] Hibberi., The Raman E f fe c t ,  (A„C„S. Monograph N o .80).
[61] I n g r i ,  LangerstrBm, Frydm anand S i l l e n ,  A cta Chem. S can d ., 1957,
11, 1034*
[ 62] J e r r a r d  and MacNeil, " T h e o re tic a l  and E xperim en ta l P hysics"  
(Chapman and H a ll, London, i 960) ,  p . 13*
[ 63] D avies, "Ion  A sso c ia tio n "  (B u tte rw o rth s , London, 1962) ,  p . 41.
[ 64] E rn s t and H e rrin g , T rans. Faraday S o c ., 19&4, 60, 1053*
[ 64a] Harned and Robinson, T rans. Faraday S o c ., 1940, 973*
[ 65] W aters, "Mechanism o f O xidation  o f Organic Compounds"
(Methuen, London, 1964) , p . 132.
/
[66 ] Mulay and Selwood, J .  Amer. Chem. S o c ., 1955, 22* 2693*
[ 67] Hedstrdm, A rk iv . Kemi., 1953, £ , 1*
[68 ] M ilburn and Vosburgh, J .  Amer. Chem. S o c ., 1955, 77. 1352*
[ 69] M ilburn , J .  Amer. Chem. S o c ., 1957, 22* 537*
[70] S id d a l and Vosburgh, J .  Amer. Chem. S o c ., 1951, 73. 4270.
[ 71] S u tto n , N atu re , 1952, 169. 71•
[72 ] Sykes, J .  Chem. S o c ., 1959, 2473*
[73] R ich ard s  and Sykes, J .  Chem. S o c ., 19&0, 3626*
[ 74] Olaen and Simonson, J .  Chem. P h y sic s , 1949, 12* 1322.
[75 ] R abinow itch and Stockmeytsr, J .  Amer. Chem. S o c ., 1942, 64. 335*
[ 76] C o ll, Nauman and W est, J .  Amer. Chem. S o c ., 1961, 83. 2038.
[77] Jo n es , Jo n es , Harman and.Semmes, J .  Amer. Chem. S o c ., 19&1, 83.
2038.
-174-
[ 78] K lariberg, Hunt, and Dodgen, In o rg . Chem., 1963, 2, 139*
[79] M enashi, Ph.D. T h es is  (London U n iv e rs ity , 1963) .
[ 80] Jo rg e n se n ,” A bsorp tion  S p e c tra  and Chemica Bonding in  Complexes” ,
(Pergamon P re ss , London, 1962) , p p .92 ,100 .
[8 1 ] C a lv in  and W ilson, J .  Amer. Chem.Soc., 1945, 67, 2003*
[82] Bruehlman and Verhoek, J .  Amer. Chem. S o c ., 1948, 70. 1401.
[ 83] B randt and G u llstrom , J .  Amer. Chem. S o c ., 1952, 74. 3532*
[ 84] Van U i t e r t ,  F e rn e liu s , and D ouglas, J .  Amer. Chem. S o c ., 1953, 75 .
457, 2736, 3862.
[ 85] Schwazenbach, Akerman and R uck stu h l, H elv. Chim. A cta, 1949, 32. 1175*
[86 ] I rv in g  and R o s s o t t i ,  J .  Chem. S o c ., 1954, 2910.
[ 87] I rv in g  and R o s s o t t i ,  A cta Chem .Scand., 1956, 10 . 72.
[8 8 ] Leberman and  R abin, T rans. Farad*. S o c ., 19&1, 57. 785*
[ 89] Jo n es , P oo le , Tomkinson, and W illiam s, J .  Chem. S o c ., 1958, 2001*
[90 ] P e r r in ,  J .  Chem. S o c ., 1958, 3125*
[91] D a tta , Leberman, and R abin , T ran s . F arad . S o c ., 1959, 55 . 1982, 2141* 
D a tta  and R abin, T ran s . F a rad . S o c ., 1956, 52. 1117, 1123, 1130*
[92] Van U i le r t  and F e rn e liu s , J .  Inner, Chem. S oc., 1954, 76. 379*
[ 93] Lewis and W ilk in s , "Modern C o -o rd in a tio n  C hem istry , P r in c ip le s  and
Methods" ( in te r s c ie n c e ,  London, i 960) ,  p.53*
[ 94] Leeming, " S t a t i s t i c a l  Methods f o r  E ng ineers" (B la ck ie , London,
1963), p . 88.
-1 7 5 -
[95] H ine, " P h y s ic a l Organic C hem istry"(M cG raw -H ill, New York, 1 9 5 6 ),p . 71.
[9 6 ] T a f t ,  J .  P h y s ic a l C hem istry, i 960, 64, 1805*
[97] R abinow itch, Rev. Mod. F h y s., 1942, 14, 112.
[98] Page, T rans. F arad . S o c ., 1953, 42, 635*
[99] Bowen, Q uart. R ev ., 1950, 4 , 236.
[100] M ellon, " A n a ly tic a l  A bso rp tion  Spectroscopy" (Chapman and H a ll,
London, 1950), p . 261.
[101] Schumb and S w eetser, J .  Amer. Chem. S o c ., 1935, 57. 871
[102] O rgel, "An In tro d u c tio n  to  T ra n s itio n -M e ta l C hem istry; Ligand
F ie ld  Theory" (Methuen and C o .L td ., London, i 960) ,  C hap.9.
Off printed from the Transactions o f The Faraday Society, 
No. 498, Vol. 60, Part 6, June, 1964
SPECTROPHOTOMETRIC DETERMINATION OF THE DISSOCIATION 
CONSTANTS OF m- AND p-ACETYL PHENOLS
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Constants of m- and p-Acetyl Phenols
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The thermodynamic dissociation constants of m- and p-acetyl phenols have been measured 
using the spectrometric method.1. 2 At 25 °C we obtained:
m-acetyl phenol: K  =  (5*67±0-06)x 10-10, 
p-acetyl phenol: K  =  (8-98±0-05) x 10~9.
In the pH-range employed for the meta derivative, the thermodynamic dissociation constant 
can be calculated without the explicit use of activity coefficients for the charged species.
This paper presents the results of a further application of our procedure,1’ 2  to 
the determination of the dissociation constants of m- and p-acetyl phenols. These 
have been measured previously by Bordwell and Cooper 3 who, apparently, did not 
allow for the activity coefficients in their calculations.
To minimize errors in the measurement of the optical density, solutions of the 
phenols were used whose pH values were o f the same order of magnitude as the 
pK values of the respective phenols. Thus, borax and barbitone buffers were 
employed because the dissociation constants of boric and 5,5-diethylbarbituric 
acids are about the same as those of m- and p-acetyl phenols respectively. In addi­
tion, reliable values for the dissociation constants of the former have been reported.4’ 5
The symbols HL, L~ and HA, A-  are used to represent the appropriate species 
of the phenolic and the buffering acids respectively. The corresponding dissociation 
constants K  and K' of the two groups of acids are thus defined by the equations,
K = A/fCL-]/[HL] = J5:w[L-]/[OH-][HL]) (1.1)
X' = ft/f[A-]/[HA] = Kw[A-]/[OH-][HA], (1.2)
where h is the H+ concentration, f \  the activity coefficient of the singly-charged 
species, and Kw the ionic product of water.
In determining the dissociation constants of the two phenols the following 
formulae 1 were employed :
H ( D - D 0) = l l(Dl - D 0) + hSHK{D, -  D0) = l/(Dj -  D0) + K J K l  OH -](Dt -  D0),
(1.3)
Do “  finc.
0 0  (1.4)
D 1 =  stc,
where eo and ei are the molar extinction coefficients of HL and L~ respectively, 
and c is the concentration of a phenol. Eqn. ( 1 . 3 )  predicts that a plot of 1/(D — Do) 
against Xw/[OH~] should give a straight line whose slope can be used to calculate K.
RESULTS A N D  DISCUSSION  
SELECTION OF W A V E L E N G T H
To find the most suitable wavelength, the absorption curves o f the two phenols 
were recorded at various pH-values, The results are presented in fig. 1 and 2
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F ig . 1.— Absorption curves of m-acetyl phenol in aqueous solution (c =  3-246 x  10-4 mole/1.). 
(1) 0-28 N  HCIO4; (2) borax buffer (pH =  8-80); (3) borax buffer (pH =  9-10); (4) borax buffer 
(pH =  9-27); (5) borax buffer (pH =  9-54); (6) borax buffer (pH =  9-94); (7) 0-12 N  NaOH.
i-o
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F i g . 2 .— Absorption curves of p-acetyl phenol in aqueous solution (c =  8-235 x  10-5 mole/1.). 
(1) 0*28 N HC104 ; (2) phosphate buffer (pH =  7-52); (3) borax buffer (pH =  7-88); (4) borax 
buffer (pH =  8-25); (5) borax buffer (pH =  8-53); (6) 0-12 N NaOH.
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which show that corresponding to the presence of the undissociated and ionized 
species, the spectra of the two phenols consist of two distinct bands separated by some 
40 m/t, and that the absorption curves intersect at well-defined isosbestic points. The 
displacement of the acetyl group from m- to p-position in the benzene ring con­
siderably increases the intensity of the bands and shifts them towards shorter wave­
lengths. Since the effect of pH on the absorption curves is most pronounced at the 
wavelengths of the right-hand peaks the optical densities of the solutions of the 
m- and p-derivatives, and the requisite Do values, were measured at 350 and 325 m/r 
respectively. At these wavelengths neither boric acid nor 5,5-diethylbarbituric acid 
absorb.
On exposure to daylight the optical densities of both acid and alkaline solutions 
of the two phenols remained constant (within experimental error) after 24 h, but 
increased 3-4 % after 5 days. No change, in either colour or optical density, was 
observed on exposing the phenol solutions to u.-v. for 8  h.
D I S S O C I AT I ON  C O N S T A N T  OF m - A C E T Y L  P H E N OL
Fixed amounts of a standard solution of borax were mixed with varying amounts 
of either a standard NaOH solution or a standard HCIO4  solution. Each mixture 
was finally made up with a fixed amount o f a standard solution of the phenol and 
a requisite amount of water so that the stoichiometric concentrations of both phenol 
and borax were maintained constant. The optical density of the solutions was 
measured as a function of pH in the range 8-75-9-75 (corresponding to 25-75 % 
dissociation of the phenol).
In aqueous solution the tetraborate ion undergoes the following reactions : 4
B4 C^~ + 3H 2 0 ^ 3 H 3 B 0 3 +  2 B 0 2", (1)
H 3 B 0 3 ^ H 20  +  H + +B O J, (2)
reaction (1 ) going to completion.
Let a be the stoichiometric concentration of borax and c that of the phenol then
c =  [HL] +  [L~], : (2.1)
4a =  [HA] +  [A-], (2.2)
where the symbols HL and HA stand for the phenol and boric acid respectively. 
Also, from the electroneutrality condition,
2 a + b  =  [OH-] +  [A-] +  [L-]+<7 , (2.3)
where b =  [NA+] is the stoichiometric concentration of NaOH added and q =  [C104] 
that of HCIO4  added. In deriving (2.3) the H+ concentration has been ignored as, 
in the present case, it is negligibly small compared with that of the other species. 
By combining eqn. (2.1) with (1.1) and (1.3), and eqn. (2.2) with (1.2),
[L -]  =  cK [O H -]/(X w+ JK [O H -]) =  c(D -D o)/(D 1 -D o ), (2.4)
and
[A~] =  4«r[OH~]/(iTw+ir[O H -]), (2.5)
where K  and K' signify the dissociation constants of the phenol and boric acid 
respectively. Substituting for [L~] and [A~] in (2.3) and rearranging then
K /[O H - ] 2  +  [O H -]{X w +  K'[^ +  2a-h + c (D -D 0 ) / (D i-D 0) ] } -
K y/[2a +  b - q - c ( D - D 0)l(Dl - D 0)-]=0,  (2.6)
from which [OH- ] can be calculated by standard methods.
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To evaluate the dissociation constant of the phenol the method of successive 
approximations was used. The term r{D — Do)/(Di — Dq) in eqn. (2.6) was first 
neglected and approximate values for the OH-  concentration o f  the solutions ob­
tained. By applying the method of least squares to eqn. (1.3), rough values for the 
term l/(Z>i—D0) and the dissociation constant K  were then found and hence ap­
proximate values for the term c(D — Dq)/(Di — Do) calculated. These were used 
to compute more accurate values for the OH~ concentrations with the aid of eqn. 
(2.6). The process of successive approximations was continued until the values 
for K  from two successive approximation cycles agreed to within 0-01 %. The pre­
cision 6 of the experimental data was estimated by computing first the standard 
deviation uy of y  =  1 \{D  — Do) and hence the standard deviations o r  an d  <jDi of 
K  and A  respectively. The results of these calculations, in which the values 
1-008 x 10~ 1 4  and 5-835 x  10" 1 0 were adopted for K^1 and the dissociation constant 
of boric acid 4  respectively, are given in table 1. The present value for the dissoci­
ation constant of m-acetyl phenol is appreciably lower than that reported by Bordwell 
and Cooper. 3 The standard deviations of both K  and D\ are about 1 %, thus in­
dicating that satisfactory precision has been attained.
T a b l e  1 . — D i s s o c i a t i o n  c o n s t a n t  o f  h i - a c e t y l  p h e n o l
X =  350 m [ i ; a =  l-004x 10~2 mole/1.; c =  3-298 x 10-4 mole/1.; D0 =  0-029 ±0-000
Q X 103
( m o le / I . )
6 x 1 0 3
(m o le /1 .) D A y [ O H - ] x l O s i
14-435 — . 0-139 -0 -0 3 3 0-279 0-020
12-373 — 0-180 0-008 0-405 0-020
10-311 — 0-219 -0 -0 1 6 0-549 0-020
8-249 — 0-261 0-013 0-712 0-020
6-187 — 0-303 0-027 0-901 0-020
4-124 — 0-345 0-033 1-121 0-020
2-062 — 0-389 0-050 1-382 0-020
— — 0-430 0-037 1-695 0-020
— 1-182 0-452 0-027 1-905 0-021
— 3-545 0-496 0-006 2-412 0-024
— 5-908 0-542 -0 -001 3-083 0 026
8-271 0-585 -0 -0 1 6 4-014 0-028
— 10-713 0-626 -0 -0 3 6 5-446 0-031
— 12-997 0-664 -0 -0 4 9 7-619 0-033
— 15-360 0-707 -0-051 11-829 0-035
K  (present work) =? 5-67 x  10-10; or =  ±0-06 x 10-10; K  (previous work) =  6-5 x  I0-10 (ref. (3));
P i =  0-837; aDl =  ±0-007.
In determining the thermodynamic dissociation constant of m-acetyl phenol 
no explicit use was made of the activity coefficients of the charged species. This 
was possible only because, in the pH range employed, the H+ concentration is 
negligibly small, and because the term h f \  in eqn. (1.3) and (2.6) could be replaced 
by JW[OH- ].
The ionic strength of the solutions is given by
/-« [N a + ] ± [ O H - ] ± [ A - ] - [ L - ] ± ^ } .  (2.7)
Now [Na+] =  2a + b ,  and hence by combining (2.7) with (2-3),
/  =  2 d - j r b . (2 .8)
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It follows, therefore,, that if b — 0, i.e., if  no additions of NaOH are made to 
the borax buffers, the ionic strength of the solution remains fixed at I  =  2a, irre­
spective of the amount of HCIO4 or phenol present in the solution, providing that 
the H+ concentration is negligibly small compared with those of the other species. 
We thus conclude that under certain conditions borax can function not only as a 
pH buffer but also as an ionic strength buffer.
D I SS O C I A T I ON  C ON S T A N T  OF p - A C E T Y L  P HEN OL
A  stock solution of 5,5-diethylbarbituric acid in a standard NaOH solution 
was’ prepared. Fixed amounts of this stock solution were then mixed with varying 
amounts of either a standard NaOH or a standard' HCIO4 solution. Each mixture 
was finally made up with a fixed amount of a standard solution of the phenol and a 
requisite amount of water so that the total concentrations of both phenol and 
barbitone were maintained constant throughout. The OH~ concentration of the 
final solutions, which ranged from 9 x 10~ 6 to 3 x 10~ 7 g ion/1., was calculated by 
applying the electroneutrality condition.
Let b represent the stoichiometric concentration of NaOH and q that of HCIO4 
added then, since in the present case, the H+ concentration is no longer negligible 
we have
b + h  =  [OH-]:+[A-] +  [L-]:+«7 , (2.9)
where A~ and L~ stand for the anions of barbitone and p-acetyl phenol respectively. 
Substituting for [L~] and [A~] eqn.. (1..1) and (1.2) and making use of (1.3) then
h T i  +  k 2f l { f  - q - c ( B -  D.JHD, -  Z>0)] +  K'}. -
h f i { K X a + < I - b + c ( D - D 0)l(l>1- D 0) ] + K w} + K wK ’ =&,  (2.10)
where a. and c represent, the concentrations of barbitone and p-acetyl phenol respec­
tively. Eqn. (2.10) can be solved for h by applying Newton’s approximation method.
Table 2'.—D issociation' constant of p -acetyl phenol
=  325 m fi; a =  l-970x 10-2 mole/1.; c =  4.49I x  10-5 mole/1.; D q =
oo■-Ht--ooo
ox
6X102
(mole/1*) n 4f [OH-]x 106 I
5-303 1-004 0-228 — 0-012 0-302 0-070
4-124 1-004 0-287 0-004 0-410 0-010
2-946 1-004 0-345: -0 -0 0 5 0-537 0-010
1-768 1-004 0-410 0-026 0-691 0-010
0-589 1-004 0-466 -0 -0 0 2 0-880 0-010
— 1-004 0-499 0-005. 0-991- 0-010
— 1-053 0-522 -0 -0 0 5 1-095 0-011
— 1-151 0-575 -0-001 1-339 0-012
— 1-249 0-640 0-027 1-648 0-012
— 1-279 0-645 -0 -0 0 3 1-763 0-013
— 1-298 0-655 -0 -0 0 2 1-837 0-013
— 1-396 0-705 -0 -011 2-309 0-014
— 1-494 0-761 -0 -0 0 8 2-972 0-015
— 1-592 0-819 -0 -0 0 4 3-974 0-016
— 1-689 0-879 -0-001 5-658 0-017
— 1-787 0-930 -0 -0 0 8 9-080 0-018
K  (present work) =  8-98 x KF9 ; ok =  ± 0  0 5 ; K  (previous work) =  8-9 x 10~9 (ref. (3));
D i =  1 - 0 5 2 ( 7 ^  =  0 005.
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The ionic strength of the solutions is given by the expression
/ =  i{[N a+]+^+A  +  [OH-] +  [L-] +  [A-]} _  (2.11)
which 0 1 1  carrying out the requisite substitutions simplifies to
I  =  b + h .  (2.12)
The activity coefficients were calculated by means of the Davies 8 equation:
—logio/z =  0'5z2{Ii l ( l + I i ) —0 3I}. (2.13)
The dissociation constant of p-acetyl phenol was evaluated using the approxima­
tion procedure already described. The results of these computations, in which the 
value T047 x 1 0 - 8  was adopted for the dissociation constant of barbitone, 5 are sum­
marized in table 2. The present value for the dissociation constant of p-acetyl 
phenol agrees well with that reported by previous workers. Since the standard 
deviation of both K  and D\ is less than 1 % the precision attained in the present case 
is satisfactory.
EXPERIMENTAL
All glassware was carefully calibrated before use, and all reagents (except the organic 
acids) were of a . r . grade. The two phenols and the 5,5-diethylbarbituric acid were purified 
by repeated recrystallization from conductivity water and absolute alcohol respectively, 
and subsequently dried in vacuo over P2 O5 . The melting points of the final products
agreed well with the accepted values. In preparing the borax buffers a . r . borax, purified
by the method of Manov, DeLollis and Acree, 4  was used. Standard solutions of HCIO4 
and NaOH were made up as previously described. 1
Optical density measurements were made at 25-0 ±0-1 °C by means of a Unicam S.P. 
500 spectrophotometer. The instrument was calibrated as previously described. 1
All calculations in the present work were carried out on a Ferranti Sirius computer.
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